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Abstract 
In order to close the gap that exists between the research areas of mathematics anxiety 
and mathematics learning, this study examined cognitive, metacognitive, and affective 
aspects ofmathematics anxiety as well as students' mathematics performance and 
competence. One hundred and five grade 9 students, 51 males and 54 females, from two 
high schools in the same school board provided data on current and past final grades and 
anxiety measures, both general and specifie to mathematics anxiety. A subset of 40 
students was selected based on either high or low mathematics anxiety, and verbal 
protocols were collected while they solved six mathematical problems. Students ranked 
themselves and teachers ranked their students on how confident they felt about solving 
each problem. Two sets ofmarks were assigned to students' performance, one based on 
their written work only and the other one also taking into account knowledge evidenced 
from their verbalizations. As predicted, the more mathematics-anxious students showed 
greater awareness of their mathematical knowledge or the lack thereof, making 
significantly more coded statements for four out of the six variables that implied greater 
awareness. High-anxious students were less likely to consider continuing their 
mathematical education. Teachers overestimated their students' performance, while 
students underestimated their knowledge level, but more c10sely estimated the mark they 
would receive on a test regardless of anxiety level. Given that mathematics-anxious 
students seem aware oftheir lack ofknowledge, any treatment ofmathematics anxiety 
needs to inc1ude teaching not only mathematical knowledge, but also skills such as 
monitoring and reflecting about application of such knowledge to the solution process. 
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Résumé 
Afin de combler l'écart entre les champs de recherches de l'anxiété des mathématiques et 
de l'apprentissage des mathématiques, cette étude a examiné les aspects cognitifs, 
métacognitifs et affectifs de l'anxiété des mathématiques, aussi bien que la performance 
et la compétence en mathématiques des étudiants. Cent cinq étudiants de 9ième année, 51 
mâles et 54 femelles, de deux écoles secondaires du même conseil scolaire ont fourni des 
données sur les notes déjà obtenues ainsi que les notes finales et des mesures d'anxiété, 
soit générales et spécifiques à l'anxiété des mathématiques. Un sous-ensemble de 40 
étudiants a été choisi selon un niveau d'anxiété des mathématiques, soit haut ou bas, et 
des protocoles verbaux ont été rassemblés tandis qu'ils solutionnaient six problèmes de 
mathématiques. Les étudiants se sont classés et les enseignants ont classés leurs étudiants 
selon leur niveau de confiance à résoudre chaque problème. Deux ensembles de notes ont 
été assignés à la performance des étudiants, l'un se rapportant à leurs travaux écrits 
seulement et l'autre prenant en considération la connaissance démontrée par leurs 
verbalisations. Comme prévu, les étudiants avec davantage d'anxiété en mathématiques 
ont démontré une plus grande conscience de leur connaissance en mathématique ou du 
manquement, faisant sensiblement plus d'énoncés codés pour quatre des six variables, ce 
qui impliquait une plus grande conscience. Les étudiants avec davantage d'anxiété en 
mathématiques avaient moins tendance à considérer de continuer leur éducation en 
mathématiques. Les enseignants ont surestimé la performance de leurs étudiants, alors 
que les étudiants ont sous-estimé leur niveau de connaissance, mais ont estimé plus 
étroitement la note qu'ils recevraient sur un examen indépendamment du niveau d'anxiété. 
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Étant donné que les étudiants anxieux au sujet des mathématiques semblent avertis de 
leur manque de connaissance, toute intervention pour l'anxiété des mathématiques doit 
inclure non seulement l'enseignement des connaissances des mathématiques, mais 
également des techniques telles que la surveillance et la réflexion au sujet de l'application 
des connaissances au processus de résolution. 
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Introduction 
For several decades now, there has been an increase in research on mathematics 
and science education (De Corte, Greer, & Verschaffel, 1996), partly in response to the 
urgent need for identifying problems in the educational programmes in the United States 
and for implementing changes where needed (National Research Council, 1989, 
National Council of Teachers of Mathematics, 2000). Earlier, Ginsburg and Asmussen 
(1988) reported that there is much evidence for mathematics learning difficulties in 
North America and that a great many individuals also avoid and dislike or fear 
mathematics. Researchers and educators agree that there are still far too many people 
who fear mathematics (Battista, 1999; Cornell, 1999; Macleod, 1998), possibly resulting 
in avoiding further mathematics classes (Ashcraft & Kirk, 2001). 
Historically, the subject of mathematics has often been described as cold, 
abstract and very difficult to comprehend. It has the reputation of not relating to the real 
world and even its language (the use of symbols) adds to giving it an aImost inhuman 
quality (Guting, 1980). It should not be surprising then, that mathematics evokes such 
negative feelings in many children and adults alike. What is surprising is the intensity of 
emotions felt by some of the individuals who have been exposed to mathematics. Stuart 
(2000, p. 330), who has observed mathematics anxiety in her fifth-grade mathematics 
class, stated "It is ironic that the subject seen as the most logical and intellectual is also 
the one that ignites so many passionate emotions." After about the third grade, children 
have already formed an opinion about mathematics, with many of them disliking the 
subject, finding it "dull" and "senseless." In high school and college the situation often 
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worsens, with many adolescents avoiding mathematics courses whenever they can and 
sorne students suffering from what has been termed "mathematics anxiety" (Ashcraft & 
Kirk, 2001; Ginsburg & Asmussen, 1988). Walmsley (2000) observed that students' 
attitudes towards mathematics change at sorne time during their schooling from positive 
or impartial to negative, with most of them falling at the extreme ends of the spectrum 
from enjoyment to anxiety. 
The construct of mathematics anxiety has been consistently related to lower 
mathematics performance and decreased participation in mathematics courses, and 
consequently had received increased attention in an effort to determine whether it is a 
contributing factorto the decline ofmathematics achievement scores (Aiken, 1976; 
Alexander & Martray, 1989; Ashcraft & Kirk, 2001; Betz, 1978; Ginsburg & Asmussen, 
1988; Hembree, 1990; Reyes, 1984; Richardson & Suinn, 1972; Sepie & Keeling, 1978; 
Ma, 1999; SuÏnn & Edwards, 1982; Wigfield & Meece, 1988). For example, Betz 
(1978) found that approximately 68% of students enrolled in mathematics classes 
experience mathematics anxiety, and Resnick (1988) stated that mathematics anxiety 
was a familiar phenomenon in almost all highly educated societies. 
Although mathematics anxiety was given much attention during the 1980s and 
research done during that time gave valuable insights into sorne of the reasons for its 
development, no perfect solution or "cure" for the mathematics-anxious individual has 
yet been found. Macleod (1998) felt that with the approach of the 21 st century there 
were still too many people who felt anxious when confronted with mathematics and 
Fumer and Du:ffy (2002) have questioned why not more has been done about 
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mathematics anxiety so far, when clearly the problem still exists. 
Until now most research on mathematics anxiety has been concemed with the 
affective component of mathematics learning difficulties, and investigators, whose main 
focus is students' difficulties with mathematics learning, often concentrate on the 
cognitive/conceptuaVintellectual area. The leamers themselves, however, stressed the 
importance of the learning environment (teacher attitude and competence, and 
'relevance') and its influence upon motivation. Given the opportunity, most 
mathematics-anxious individuals will talk about the emotional issues surrounding 
mathematics learning rather than their cognitive difficulties with the topic (Quilter & 
Harper, 1988). 
The fact that anxiety intervention programmes often reduced mathematics 
anxiety but generally did not increase mathematical performance (Martinez, 1987; Sime, 
Ansorge, OIson, Parker, & Lukin, 1987; Wood, 1988) seems to be another indicator that 
mathematics anxiety is not just a simple performance block of an otherwise well-known 
skill. Since mathematics anxiety appears to develop with formaI mathematics education, 
the explanation for it may be found when we integrate what we know about 
mathematics anxiety with our knowledge about teaching and leaming mathematics. 
The next chapter presents a review of the literature, beginning with descriptions 
of different types of anxiety and sorne definitions of mathematics anxiety. This is 
followed by describing the various instruments that have been developed to assess 
mathematics anxiety and sorne of the dimensions that have been found to contribute to 
the construct. In addition, research with regard to various populations and potential 
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factors that have been thought to influence mathematics anxiety will be presented, as 
well as some of the literature dealing with instructional methods that may be relevant to 
a reduction or prevention ofmathematics anxiety. 
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Review of the Literature 
Descriptions and Definitions of Anxiety 
Richardson and Suinn (1972) described mathematics anxiety as involving 
"feelings of tension and anxiety that interfere with the manipulation of numbers and the 
solving of mathematical problems in a wide variety of ordinary life and aeademie 
situations" (p. 551). To better understand this description, it is neeessary to know how 
anxiety in general is viewed in the literature. 
State vs. trait anxiety 
Spielberger (1972) differentiated between two types of anxiety: state anxiety and 
trait anxiety. Anxiety is described as "an unpleasant emotional state or condition which 
is eharacterized by subjective feelings of tension, apprehension, and worry, and by 
activation of the autonomic nervous system" (p. 482). In state anxiety, an anxiety state 
(A-state) results when a person perceives a situation or a stimulus as potentially harmful 
or threatening and its intensity varies over time and across settings. In contrast, trait 
anxiety is referred to by Spielberger (1972) as a relatively stable personality 
eharacteristic of an individual. Therefore, individuals high in trait anxiety will most 
likely be in an anxious state more often and experience it aeross more varied situations 
than those low in trait anxiety or experiencing state anxiety specifie to a particular 
situation. 
Test anxiety 
According to Liebert and Morris (1967), the experience ofanxiety can be 
separated into at least two major components, worry and emotionality. Worry is the 
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cognitive component of anxiety and refers to negative expectations and concerns about 
the particular situation, possible consequences, and oneself. Emotional components of 
the anxiety experience include the perception of physiological-affective elements such 
as indications of autonomic arousal and feelings of nervousness and tension. 
In a review of the literature on test or evaluative anxiety, Morris, Davis and 
Hutchings (1981) found that it was the cognitive aspect of anxiety that most often 
interfered with performance. Worry scores appeared to remain fairly stable from the 
beginning to the end of a testing session, and decreased significantly only if the 
students' performance expectancy increased during that time. In contrast, emotionality 
scores were typically found to decrease significantly as the examination progressed 
(Morris et al., 1981). There does not seem to be total agreement among researchers as to 
whethe~ test anxiety can be classified as state or trait anxiety. Reyes (1984) uses the 
term "general trait test anxiety," whereas Morris et al. (1981) caU it "state test anxiety." 
It does appear, though, from the description of test anxiety, that it refers to a specific 
experience, particularly that of being in an evaluative situation which in turn results in 
the anxiety state. 
Mathematics anxiety 
Reyes (1984) noted that test anxiety relates positively to mathematics anxiety 
and that mathematics anxiety appeared to be more strongly related to test anxiety than to 
trait anxiety. Mathematics learning usually involves a number of evaluative situations 
and the relationship between mathematics anxiety and test anxiety was further explored 
by Dew, Galassi and Galassi (1984). Twenty-three male and 40 female undergraduates 
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were given three different mathematics anxiety measures and Spielberger's Test 
Anxiety Inventory, then completed three mathematics tasks, followed by a second 
measure of test anxiety, containing worry and emotionality subscales. Heart rate, skin 
conductance level, spontaneous skin fluctuations (presumed to be skin temperature or 
blood flow), and avoidance behaviour were monitored during all mathematics tasks but 
only one of the tasks was given under test-like conditions. These researchers found that 
all three of the mathematics anxiety measures used in their study were more closely 
related to each other than to test anxiety. The mathematics anxiety measures shared 
46.2% to 65.6% common variance and only 3.6% to 3.3% common variance with test 
anxiety, indicating that mathematics anxiety and test anxiety, while related, are not 
identical. According to Richardson and Suinn (1972), mathematics anxiety is a distinct 
factor separate from general anxiety and individuals who suffer from it are not 
necessarily anxious in other situations. 
One possible way to think of the various concepts of anxiety is in hierarchical 
terms with trait anxiety being the most global concept and mathematics anxiety being 
the most specifie. Individuals scoring high on trait anxiety might be expected to 
generalise feelings oftension to a greater number of situations, including test-taking and 
doing mathematics. The relationship between test anxiety and mathematics anxiety may 
be explained by the very nature of formaI mathematics education with its emphasis on 
mathematics tests to evaluate performance. Therefore, the person who is highly anxious 
in a testing experience will most likely be anxious in evaluative situations involving 
mathematics. 
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Mathophobia 
One other concept that needs clarification is the term "mathophobia" that has 
been used in the literature when discussing mathematics anxiety (Aiken, 1976; Hodges, 
1983; Lazarus, 1974; Williams, 1988). The Thesaurus of the Educational Resources 
Information Center (ERIC) Descriptors (1990) lists mathophobia and mathematics 
avoidance as synonyms for mathematics anxiety. Lazarus de:fined mathophobia as "an 
irrational and impeditive dread of mathematics" (p. 16) and used the terms mathematics 
anxiety and mathophobia somewhat interchangeably, whereas Hodges (1983) believed 
mathophobia to be a result ofmathematics anxiety. Most researchers appeared to use 
both terms, mathophobia and mathematics anxiety, without making too much of a 
distinction between them. 
Somewhat intuitively, one might describe a mathophobic individual as someone 
whose anxiety state when dealing with mathematics has reached a high level of 
intensity~ ~ince there is no empirically determined cut-off point at which 
mathematics anxiety stops and mathophobia starts, this distinction is arbitrary. 
Mathematics avoidance may then be considered a coping strategy to be employed when 
anxiety has reached an intensity that compels the individual to react in order to reduce 
the feelings of anxiousness. 
Measuremenf and dimensionality of mathematics anxiety 
One of the instruments frequently used to assess mathematics anxiety in college 
students is the Mathematics Anxiety Rating Scale (MARS), an instrument developed to 
measure anxiety associated specifically with the use of numbers and mathematical 
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concepts (Richardson & Suinn, 1972). Richardson and Suinn (1972) reported high 
test-retest and internal reliability for their 98-item scale, as weIl as evidence for its 
validity from several studies that showed a negative correlation between MARS scores 
and scores on a mathematics test and decreased MARS scores following treatment for 
mathematics anxiety (Suinn, Edie, & Spinelli, 1970; Suinn & Richardson, 1971; 
Richardson & Suinn, 1972). Since attitudes towards mathematics are formed early and 
career choices affected by mathematics performance are made during the high school 
years, Suinn and Edwards (1982) developed a revised version of the MARS for use with 
adolescents, the MARS-A. A factor analysis yielded two factors in the MARS-A, a 
primary factor that was labelled Numerical Anxiety, and a secondary factor called 
Mathematics Test Anxiety. These two factors were also found by Rounds and Hendel 
(1980) in the MARS, but their analysis found Mathematics Test Anxiety to be the 
primary dimension. One other study that assessed the dimensionality of the MARS 
identified three factors, the most salient being Evaluation Anxiety, followed by 
Arithmetic Computation Anxiety and Social Responsibility Anxiety (Resnick, Viehe, & 
Segal, 1982). 
Ferguson (1986) believed that the two factors isolated by Rounds and Hendel 
(1980) may not be the only ones contributing to the construct ofmathematics anxiety. In 
addition to the ten MARS items loading on Mathematics Test Anxiety and the ten 
MARS items loading on Numerical Anxiety, he added ten items that he hypothesized 
would measure a new component of mathematics anxiety, namely Abstraction Anxiety, 
to crea te a new scale called Phobos. The ten new items referred to mathematical topics 
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that might be considered more abstract than those included in the MARS, such as 
working on problems with variables instead of numbers or reading the course outline of 
a college mathematics course. 
Plake and Parker (1982) developed a short version of MARS in an effort to 
make measuring mathematics anxiety more efficient and economical. These researchers 
identified two factors measured by the MARS-R: Factor 1 was labelled Learning 
Mathematics Anxiety and Factor 2 Mathematics Evaluation Anxiety. The 24-item scale 
was used to measure specifically classroom-related anxiety in statistics courses. 
Alexander and Martray (1989) developed another 25-item abbreviated version of the 
MARS for use in classes that are not necessarily focussed on statistics. They identified 
three different dimensions that seemed to be measured by the MARS. Mathematics Test 
Anxiety appeared to be the primary factor, followed by Numerical Task Anxiety and 
Mathematics Course Anxiety. Hopko's (2003) attempt at confmnatory factor analysis of 
the MARS-R resulted in yet another modified and shortened 12-item version that he 
perceived as a more valid measurement for assessing mathematics anxiety. 
There Was not much known about the causes and development of mathematics 
anxiety in younger students, and suitable measures for elementary school children were 
initially difficult to fmd (Bush, 1991; Suinn, Taylor" & Edwards, 1988). To allow 
research on students at this age level, Suinn, Taylor, and Edwards (1988) developed the 
Suinn Mathematics Anxiety Rating Scale, Elementary Form (MARS-E), that consists of 
26 items, appropriate in content difficulty and reading comprehension for upper 
elementary school children. Factor analysis revealed two factors, the tirst one being 
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Mathematics Test Anxiety and the second one Mathematics Performance Adequacy 
Anxiety. 
A later designed mathematics anxiety measure was also specifically developed 
for children in elementary and junior high school. Chiu and Henry (1990) used the Plake 
and Parker (1982) short version of the MARS and revised it for use with younger 
children. Four factors were identified for the resulting 22-item Mathematics Anxiety 
Scale for Children (MASC): Mathematics Evaluation Anxiety, Mathematics Learning 
Anxiety, Mathematics Problem Solving Anxiety, and Mathematics Teacher Anxiety. 
The question of dimensionality for the above measures of mathematics anxiety 
has not been resolved yet; but according to Wigfield and Meece (1988), all factors 
identified focus on affective reactions to mathematics. In order to distinguish between 
possible affective and cognitive components of mathematics anxiety, they revised the 
Math Anxiety Questionnaire (MAQ) initiaIly developed by Meece (1981; cited in 
Wigfield & Meece, 1988) and assessed mathematics anxiety in 6th- through 12th-grade 
children. Results indicated that the two components identified, emotionality and worry, 
were similar to those found by test anxiety researchers. The Wigfield and Meece results 
showed the emotionality factor to be inversely related to mathematics performance, 
whereas test anxiety research has repeatedly shown that it is the worry component that 
interferes more strongly with performance (Liebert & Morris, 1967; Morris, Davis, & 
Hutchings, 1981). These different results are explained in terms of the opposite levels of 
concem that are assessed by the two wOrry scales. The items on the Wigfield and Meece 
(1988) scale assess worries about doing weIl in mathematics whereas items on the 
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Liebert and Morris (1967) scale deal with concems about doing badly. The same two 
factors were found when Pajares and Urdan (1996) subjected the MAS, a mathematics 
anxiety scale developed by Betz (1978) to exploratory factor analysis. They also called 
one factor "Worry" but named the other one "Negative Affective Reactions." 
Morris, Kellaway, and Smith (1978) found MARS scores to be positively related 
to both emotionality and worry scores on the Liebert and Morris (1967) scale developed 
to measure anxiety aroused by test situations. Worry had the most powerful effect on 
academic performance for both groups of participants, psychology and mathematics 
undergra~uate college students, as predicted by the test anxiety literature. Surprisingly, 
for psychology students only, a significant inverse relationship was also found between 
emotionality scores and performance. Based on the results oftheir study, Morris et al., 
(1978) assumed MARS to be a "situation-specifie trait anxiety measure, indicating 
proneness to experience state anxiety (worry and emotionality in this case) in evaluative 
situations involving mathematics" (p. 593). 
Bessant (1995) identified the following six factors using a slightly reduced 80-
item version of the MARS with college students: General Evaluation Anxiety, Everyday 
Numerical Anxiety, Passive Observation Anxiety, Performance Anxiety, Mathematics 
Test Anxiety, and Problem-Solving Anxiety. 
In an effort to establish if different instruments are measuring similar constructs, 
Kazelskis (1998) examined the factors for three commonly used mathematics anxiety 
measures, the RMARS, a 25-item questionnaire derived from a factor analysis by 
Alexander and Martray (1989) of the MARS, the MAS, a 12-item measure from 
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Wigfield and Meece (1988), and the 12-item MAS from Fennema and Sherman (1976; 
cited in Kazelskis, 1998). He identified six factors: Mathematics Test Anxiety, 
Numerical Anxiety, Negative Affect Toward Mathematics, Worry, Positive Affect 
Toward Mathematics, and Mathematics Course Anxiety. Generally, the factors tended 
to be specific to the particular scale being used and he conc1uded that these instruments 
measure different aspects of mathematics anxiety and may not he interchangeable. In a 
later study, Kazelskis and his colleagues used the same three mathematics anxiety 
instruments and added three instruments used to measure test anxiety to explore whether 
mathematics anxiety and test anxiety are separate constructs. They found only minimal 
evidence that the two constructs are distinct but conc1uded once again that the different 
mathematics scales measure different aspects of mathematics anxiety, making 
mathematics anxiety "c1early a more cornplex multidimensional construct" (Kazelskis et 
al.,2000). 
Potential Factors Influencing Mathematics Anxiety 
To understand mathematics anxiety, one must look beyond just the learner. 
Many other factors such as the teacher, teachers' knowledge and attitudes, the learning 
situation, the methods of instruction, as weU as the interactions among aU of the above 
have to be considered. While this study was conducted with adolescents, the relevant 
background research is quite heterogeneous. Limiting it to adolescents only would make 
for a very short review indeed. Most of the research described in this section looked 
specifically at literature dealing with mathematics anxiety. Since the outcome of 
mathematics instruction is the acquisition of mathematical knowledge, sorne of the 
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literature discussed deals with instructional methods that, while facilitating mathematics 
learning, may also be relevant to the prevention of mathematics anxiety. 
Special populations and mathematics anxiety 
One topic that has received very little attention is whether mathematics anxiety 
is an issue in the education of special populations of children such as those identified as 
being intellectually handicapped or as gifted. Development of the child with intellectual 
handicaps has often been viewed as qualitatively different from normal development. 
Research has shown that it is much more valuable to view the child with a mental 
handicap as an "organized system" similar to that of a child developing in a normal 
sequence, but with a slower rate of development (Cicchetti & Mans-Wagner, 1987; 
Hodapp & Burack, 1990). 
A search of The Educational Resources Information Center (ERIC) revealed that 
almost no research on children with intellectual handicaps existed. Chiu and Henry 
(1990) did test children with mild intellectual handicaps for mathematics anxiety. These 
investigators developed the Mathematics Anxiety Scale for Children (MASC). One of 
the factors evaluated with their measure was its sensitivity to the difference in 
mathematics anxiety among children placed in gifted, mildly mentally handicapped, and 
regular programmes. According to the findings ofthis study, the students with mild 
mental retardation scored significantly higher on mathematics anxiety than those placed 
in regular classrooms, who scored significantly higher than the gifted students. Peterson 
(1989) found that students' placement in remedial classes can be devastating to their 
self-concept, and that low-ability students have better attitudes toward mathematics 
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when they are accidentally or intentionally placed in high-ability classes. With respect to 
children with mental handicaps, who are probably weIl aware of which group they are 
placed in, lower self-esteem and self-confidence might increase their feelings of anxiety 
about mathematics. The results of a meta-analysis of 151 studies on mathematics 
anxiety that included aIl grade and ability levels showed that positive attitudes, 
enjoyment ofmathematics, and self-confidence in the subject consistently related to 
lower mathematics anxiety (Hembree, 1990). 
Bassarear (1986) found that for students ofmedium and high ability, higher 
anxiety is associated with lower performance. However, for those students with very 
low ability, anxiety showed a strong positive relationship with performance. Since all 
participants in thls study had been plaeed in a remedial mathematics class, it may be that 
the very low ability group did benefit, as predicted by Peterson (1989), from being 
placed in a class with relatively higher ability peers. For this particular group, low 
ability might mean that anxiety may have had a more facilitative effect on performance. 
Studies on mathematics anxiety among the gifted population are almost as scaree 
as those on students with inteIlectually handicaps. While there is certainly evidence that 
not aIl gifted students are doing well in mathematics, with high ability females being a 
particular concem (Hannel, 1990, Li & Adamson, 1995), there may be the assumption 
that in general they have less reason to be anxious about the subject. 
The results of one study of mathematics anxiety among talented students 
participating in an early entrance to college programme found that they were less 
anxious than most unselected college students, but more anxious than students majoring 
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in physics (Lupkowski & Schumacker, 1991). 
The effects of early acceleration of students in mathematics on mathematics 
anxiety and their attitudes toward mathematics were examined using gifted, honours, 
and regular student enrolled either in the regular mathematics programme or in an 
advanced mathematics curriculum by Ma (2003). Data were collected as part of a 
national study ofmathematics and science education on 3,116 students across the 
United States for six years, following students from grades seven to twelve. Gifted 
students who were in the accelerated or regular programme did not increase their level 
of mathematics anxiety over time. Honours students in the accelerated or regular 
programme both increased their mathematics anxiety significantly. Differences were 
found for regular students where those that were accelerated became more anxious at a 
faster rate than students in the regular programme. 
Research with gifted children very often concentrates on gender differences or 
females only and most researchers are less concemed with mathematics anxiety than 
with negative attitudes towards mathematics (Cramer, 1989; Cramer & Oshima, 1992; 
Hannel, 1990; Wells, 1985). Therefore, studies on gifted individuals with a focus on 
gender differences will be discussed at the end ofthis section. To allow for better 
transition, research on gender differences in the normal population will be reviewed 
under the next heading. 
Cramer and Oshima (1992) found that gifted females showed greater self-
defeating causal attributions for mathematics performance than gifted males, while for 
non-gifted participants differences between males and females were not as pronounced. 
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Sex-role stereotyping is listed as the possible reason for the under-representation of 
women in many professional fields in a qualitative study on attitudes of gifted boys and 
girls toward mathematics (Cramer, 1989). 
Wells (1985) argued that the shortages of engineers, scientists, and other 
qualified professionals are in part due to the sex-role stereotyping of gifted females, 
somewhat surprisingly implying that it takes a gifted female to be able to enter into a 
career that a male of average intelligence can be successful in. Two decades later this 
still appears to be a valid concern (National Science Foundation (2000), as cited in 
Herzig, 2004). As stated by Fotoples (2000), girls are not as frequently encouraged to 
enrol in higher level mathematics courses, and women are less likely than men to 
complete their doctoral studies in mathematics (Herzig, 2004). With respect to 
mathematics anxiety, a study by Chipman, Krantz and Silver (1992) found that 
mathematics anxiety correlated negatively with students' interest in a scientific career 
regardless of their level of mathematical skill or their gender. 
Gender difJerences in mathematics anxiety 
Mathematics anxiety appeared to be a critical factor from studies in the early 
1970s to explain gender differences in achievement and participation in mathematics, as 
well as the under-representation of women in careers that required a mathematical 
background (Brown & Gray, 1992; Hyde, Fennema, Ryan, Frost, & Hopp, 1990). While 
SOme studies support the assumption ofhigher mathematics anxiety for females (Betz, 
1978; Eccles & Jacobs, 1986; Hopko, 2003; Richardson & Suinn, 1972), other 
investigators found no significant gender differences in mathematics anxiety (Ma, 2003; 
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Morris et al., 1978, Wigfield & Meece, 1988). One reason for the se conflicting results 
may be that, as Reyes (1984) points out, females are known to report higher levels of 
other types of anxiety as weIl, a fact that might reflect females' greater willingness to 
report their feelings. In addition, when tests ofNumerical Anxiety and Math Test 
Anxiety were controlled for prior exposure to mathematics, the results did not indicate 
that females were more anxious or that they were less able to solve mathematical 
problems (Kagan, 1987). The main difference between the genders appeared to be the 
degree to which the mathematical performance of females was affected by anxiety. One 
limitation ofthis study was that no information was available about the degree of 
success in previous mathematics courses of the participants. If more females than males 
had been unsuccessful in their previous course work, higher anxiety on mathematical 
tasks might be expected (Kagan, 1987). 
Hadfield and Maddux (1988) who investigated the relation between cognitive 
style and mathematics anxiety also reported no significant main effect for gender. Both 
male and female field-dependent students scored high on mathematics anxiety, whereas 
field-independent females showed significantly more mathematics anxiety than males 
who were field-independent, suggesting that higher mathematics anxiety for females 
may be found only in selected samples. 
Ferguson (1986), who developed a mathematics anxiety scale called Phobos, 
believes that once the scale is adjusted for use with middle school children it may help 
shed light on gender differences in mathematics performance. The factor of abstraction 
anxiety added to the Phobos reflects anxiety concerning mathematical material first 
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introduced in the middle grades. This is the same time when differences hetween males 
and females in mathematics performance have been reported (Cramer & Oshima, 1992; 
Ferguson, 1986; Hyde, Fennema, Ryan, Frost" & Hopp, 1990). Ferguson (1986) 
suggests that abstraction anxiety may be the factor responsible for adolescent females 
beginning mathematics performance problems and, therefore, the gender differences 
observed at that age level. 
Results of a meta-analysis of 70 studies yielding 126 separate samples on gender 
differences of mathematics attitudes and affect, showed that the effect of mathematics 
anxiety on performance is large st for remedial samples (Hyde et al., 1990). Since these 
samples included students in remedial classes or in mathematics anxiety classes, it is 
impossible to determine whether participants enrolled in anxiety classes were also 
classified as having low mathematics ability. 
There were no significant gender differences with regard to mathematical ability, 
anxiety, and performance in a sample of381 undergraduates; however, students in this 
sample were enrolled in programmes such as engineering, computer science, physics, 
and mathematics (Cooper & Robinson, 1989). It would appear that women having made 
the choice to study in the se mathematics related fields would not be terribly anxious 
about the subject to begin with. The results of a study using mathematically talented 
students indicated that females in this sample tended to be more anxious than the males, 
but the difference was not statistically significant (Lupkowski & Schumacker, 1991). 
Holden (1987) discussed the lack of evidence for sex differences on mathematics 
anxiety and the opinion of sorne that mathematics anxiety has been overcome since 
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interest in this topic has started. In a reply to Holden by Segal (1987) the observation 
was made that male-female differences in mathematics anxiety may always have been 
fictitious. 
Still, a more recent study designed to assess the construct validity of the revised 
Mathematics Anxiety Rating Scale (MARS-R) did find significant gender differences 
for mathematics anxiety in their sample of 815 undergraduate students with females 
reporting higher mathematics anxiety levels (Hopko, 2003). 
In conclusion, it seems that, as far as gender differences are concemed, 
mathematics anxiety is an "equal-opportunity affliction" (Greenwood, 1984, p. 662), 
and based on the research so far there is no conclusive evidence that females experience 
more mathematics anxiety than males. Addressing the imbalance in the work force, 
whether one looks at gifted females or those of average ability, is not addressing the 
anxiety problem. 
Attitudes toward and beliefs about mathematics 
Some work on mathematics anxiety has focussed on attitudes of students toward 
mathematics. In a review of studies Aiken (1976) found low positive correlations 
between attitudes and achievement in mathematics from elementary to postgraduate 
levels. In a study of grade three through six children, Schofield (1982) observed 
significantly stronger relations between attitudes and achievement for boys than girls, 
and with the measurement of computational rather than conceptual skills. Ma (2003) 
examined the effect of acceleration of students in mathematics on their attitudes towards 
mathematics and mathematics anxiety. The results for accelerated and non-accelerated 
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gifted, honours and regular students showed a decline in attitudes across grade 7 to 12 
for all participants, but for the regular students the rate of change in attitude was 
significantly greater for the accelerated students. 
Results of one study investigating the role of self-efficacy on mathematics 
performance showed that students' judgments about their capability to solve 
mathematics problems were highly predictive of their ability to solve these problems 
(pajares & Miller, 1994). They concluded that altering self-efficacy may be beneficial in 
increasing mathematics performance. 
Muis (2004) reviewed 33 studies on students' epistemological beliefs about 
mathematics. She found that students often believed that mathematical knowledge is 
unchanging, that mathematics consists of unrelated pieces of knowledge, and that it is 
handed down to them by an authority figure, most often the teacher or the author of a 
textbook. Students also believed that the ability to do mathematics is innate, the goal of 
doing mathematics is to get the answer and also to get the answer as quickly as possible. 
With respect to the effect of attitude on mathematics anxiety, Hembree (1990) 
examined the results of 151 studies on mathematics anxiety and found that positive 
attitudes toward mathematics were associated with lower mathematics anxiety. Strong 
inverse relations were found between mathematics anxiety and self-confidence in the 
subject as weIl as enjoyment of mathematics. Contrary to their expectations, Frary and 
Ling (1983) found that overa11 self-confidence was unrelated to mathematics anxiety in 
a study investigating the relationship between personality variables and mathematics 
anxiety in 491 university students enrolled in a mathematics course. 
Cognition and Mathematics Anxiety 22 
Interaction between cognitive style and mathematics anxiety 
Some speculations about the possible causes of mathematics anxiety have been 
with respect to the suggestion that individuals think and process information differently. 
Hodges (1983) believed that mathematics anxiety is caused by a "mismatch" between 
the leaming style of the student and mathematics instruction, which ultimate1y leads to 
poor mathematics achievement She felt that the perceptualleaming style of an 
individual is particularly important and suggested that since most mathematics 
instruction is auditory, poor mathematics achievers might be tactile or kinaesthetic 
learners. Support for this view was found by McCoy (1990) whose results showed that 
stronger tactile!kinaesthetic learning style preference correlated with higher 
mathematics anxiety. Aeeording to Fotoples (2000), identifying students' strengths and 
weaknesses by assessing their specifie learning styles and teaehing new material through 
their preferred perceptual method may in some cases even help solve what is thought to 
be a leaming disability. 
Leaming style or "cognitive style" has been defined as an "individual's preferred 
method ofperceiving, thinking, and retaining information" (Hadfield & Maddux, 1988; 
p. 76). It is the characteristic approach a person uses in a variety of situations (Witkin, 
Moore, Goodenough, & Cox, 1977). Hadfield and Maddux (1988) have used the most 
extensively researched dimension of cognitive style, the field dependence/independence 
dimension from Witkin' s field dependence/independence model, and investigated its 
relationship with mathematics anxiety. Field independence is an individual's ability to 
perceive figures or concepts as discrete from their field or background (Witkin, Moore, 
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Goodenough, & Cox, 1977). Field independence/dependence has been found to be 
associated with mathematics achievement with field-independent students scoring 
significantly higher on mathematics achievement tests than field-dependent students 
(Roberge & Flexer, 1983). 
Hadfield and Maddux (1988) found that field-dependent learners had 
significantly higher mean mathematics anxiety scores than did field-independent 
learners. For field-independent learners, the low achievers scored significantly higher in 
mathematics anxiety than high achievers. Field-dependent participants displayed 
relatively high mathematics anxiety regardless of whether they were high or low 
achievers. Contrary to other studies (see Hembree, 1990), these investigators found no 
main effect for achievement, which was explained by the fact that in this study the 
association between mathematics anxiety and overa11 achievement Was examined. 
Sloan, Daane, and Giesen (2002) studied the relationship between mathematics 
anxiety and learning styles in elementary preservice teachers. They found that a higher 
level of preference for globallearning style was associated with higher levels of 
mathematics anxiety. However, since only 7.8% of the variance in mathematics anxiety 
was accounted for by globallearning, they felt that other variables, such as mathematics 
achievement, instructional methods, mathematics anxiety levels, and confidence in 
mathematics performance, may account for more of the variance. 
Influence of teachers' mathematics anxiety on students 
Lazarus (1974) argued that a substantial number of mathematics teachers, 
especially at the elementary level, are anxious about mathematics themselves. Support 
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for tbis belief was found in a study by Buhlman and Young (1982) of 200 students, 
approximately half of whom were prospective elementary school teachers. Not only did 
elementary school education majors not enjoy mathematics, but many also expressed the 
feeling that elementary teachers do not need to possess mathematicaI knowledge beyond 
the basic computations. Brady and Bowd (2005) found that the highest level of formai 
mathematics instruction correlated negatively with mathematics anxiety and femaIes 
were significantly more anxious. Participants oftbis study were 238 education students 
enrolled in a teacher education programme preparing them to teach elementary school 
from grade 1 to 8. One tbird ofthe them had little more than the minimum high school 
graduation requirement in formai mathematics instruction wbich may weIl be a reason 
for feeling anxious about teacbing the subject. Kelly and Tomhave (1985) expressed 
great concem that elementary school teachers may transmit their anxiety about 
mathematics to the children they teach. The results of their study showed that a bigh 
proportion of female elementary education majors were mathematics-anxious. In a more 
recent study, 157 students in a senior-Ievel elementary mathematics class were asked to 
describe their ''worst or most challenging (stress-inducing) mathematics classroom 
experience from kindergarten through college." Just 7% of the participants reported only 
positive experiences (Jackson & Leffingwell, 1999). 
Battista (1986) examined the effect of a mathematics methods course for 
preservice elementary teachers on mathematics anxiety. There was a reduction of 
mathematics anxiety for tbis particular group, supporting also the findings of Sovchik, 
Meconi and Steiner (1981). Tooke and Lindstrom (1998) similarly found that 
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mathematics anxiety of pre service elementary teachers was reduced. by a mathematics 
methods course. Completing a semester of mathematics for teachers did not have any 
effect on mathematics anxiety for pre service teachers in this study, whether the 
mathematics course was taught in a traditional style or in a nontraditional manner. 
Quite different results were found by Chavez and Widmer (1982) who 
conducted a survey of elementary school teachers and a series of follow-up interviews. 
The teachers in their study did not consider themselves very anxious about mathematics. 
Even though they did talk about sorne of their own negative experiences with the 
subject, they generally felt positive about teaching it. As Williams (1988) pointed out, it 
might be unlikely that teachers will admit to the possibility of passing on their dislike of 
mathematics to their students. Teachers will undoubtedly not have chosen their 
profession in order to crea te negative feelings and attitudes toward any subject in their 
pupils. Nevertheless, Giordano (1991) believes that even though teachers' negative 
attitudes toward mathematics might not necessarily make them inadequate mathematics 
instructors, their teaching may be affected to the point where they will transmit those 
attitudes to their students. 
Trice and Ogden (1986) observed first-year elementary school teachers and 
found that the most mathematics-anxious teachers spend less time teaching mathematics 
than non-anxious teachers. During instruction though, there were no differences 
between groups on ratings of content knowledge, student involvement, discipline, 
lesson organization and use of audio/visual tools. These researchers cautioned that their 
ratings may have been too global to assess differences in competence (Trice & Ogden, 
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1986). 
Bush (1989) found no support for the hypothesis that elementary school teachers 
transmit their anxieties about mathematics to their students. The statistical analysis of 
this study was based in part on the comparisons of means with classes as units of 
analysis. Since many individual exceptions to the statistical results were noted in the 
data as weIl as a mild effect ofteachers' mathematics anxiety on that of the students, the 
researcher felt that further investigations were needed, such as descriptive studies 
focussing on individual teachers and students with high levels of mathematics anxieties. 
In a later study by Swetman (1994) of grades 3 through 6, students' negative 
attitudes toward mathematics increased with each grade. Teachers' lower mathematics 
anxiety levels corresponded to a somewhat more positive attitude towards mathematics 
in students for all but the fourth grade. While at the fourth grade teachers exhibited the 
least mathematics anxiety and the most positive attitudes towards mathematics, students 
still showed a more negative attitude toward mathematics than the students of the 
previous grade. 
When the relationship between mathematics anxiety and achievement in 
students and teacher behaviour was analysed, Bush (1991) found that in classes where 
teachers spend more time reviewing, achievement scores increased but so did 
mathematics anxiety. While the positive relationship between anxiety and achievement 
added to the contradictions that exist in research between mathematics anxiety and 
mathematics performance, units of analysis in this study were again classes and the 
researcher noted extreme changes in mathematics anxiety within the sample of students. 
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Even when achievement in mathematics specifically is the variable being 
examined, its relationship with mathematics anxiety is not always c1ear. In a study of 
grade 9 through 12 high school students, mathematics achievement was not a significant 
predictor of mathematics anxiety, but grade point average was negatively correlated 
with mathematics anxiety (Gliner, 1987). 
Influence of teachers' knowledge on students' mathematics anxiety 
Lazarus (1974) believed that if the teacher's own mathematical ceiling--the level 
at which the teacher fust experienced real trouble with the subject--is high enough 
above the level for teaching mathematics, then mathematics anxiety might not be a 
problem at alL This is in agreement with researchers who se studies found no strong 
correlation between teachers' knowledge of mathematics content, measured usually by 
the number of mathematics courses completed or a standardized test score, and 
students' achievement (Carpenter, Fennema, Peterson, & Carey, 1988). Lampert (1986) 
maintained that the minimal knowledge of mathematics possessed by many elementary 
teachers is a major stumbling block to adequate teaching of mathematics to children. 
According to Romberg and Carpenter (1986), the lack of a relationship between 
teacher's knowledge ofmathematics and students' achievement might be due to the fact 
that measures used in studies of mathematics teaching are too global and that the 
content and the teaching techniques specifically related to that content need to be 
considered. 
Shulman (1986a, 1986b) distinguished between three different kinds of content 
knowledge for teachers: curricular knowledge, subject-matter content knowledge, and 
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pedagogical content knowledge. Curricular knowledge is being familiar with how the 
knowledge about a specific subject is organized and presented in texts, programmes, 
media and workbooks. Subject-matter knowledge is the understanding of the subject 
and should be equal to that of a content specialist in the domain (e.g., an undergraduate 
subject-matter major). Pedagogical content knowledge refers to knowing how topics, 
principles and strategies in the specific subject area are understood or typically 
misconstrued by students, and how students learn and then possibly forget again 
(Shulman, 1986a, 1986b). 
Leinhardt and Greeno (1986) examined pedagogical content knowledge with 
reference to teachers' understanding of computational procedures they taught and their 
knowledge of lesson structure and teaching procedures. These investigators considered 
lesson structure (constructing and conducting a lesson) and subject matter (knowledge 
of the content to be taught) to be the two fundamental systems ofknowledge on which 
teaching skill is based. Teaching is characterized as a complex cognitive skill requiring 
planning and quick on-Hne decisions. Successful, experienced teachers were found to 
construct their mathematics lessons around a core of activities that moved from total 
teacher control to students working independently. Expert teachers had efficient routines 
to effectively use the time spent in guided or monitored practice. Homework was 
assigned regularly, but only after students had been able to practice in class. In contrast, 
novice teachers often assigned homework to finish a lesson that had not been completed 
in class. The use of routines by expert teachers reduced the cognitive processing for 
teachers and allowed them to deal with the dynamic portions of the lesson. Students also 
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benefited from routines by having more time to concentrate on the content of the lesson, 
because the sequence ofbehaviour is familiar to them (Leinhardt & Greeno, 1986). 
Wayne and Youngs (2003) reviewed studies that examined the relationship 
between teacher characteristics and student achievement gains for the years 1975-2002. 
High school students learned more mathematics when their teachers had higher levels of 
mathematics education. Not enough evidence was fOlmd to make the same assertion for 
elementary school students. 
A different aspect of pedagogical content knowledge than the one examined by 
Leinhardt and Greeno (1986) was studied by Carpenter, Fennema, Peterson and Carey 
(1988) who se research focussed on teachers' understanding ofhow children think about 
mathematics and on teachers' knowledge oftheir own students' thinking. Using results 
from research on addition and subtraction word problems, that distinguishes between 
different classes of problems on the basis of their semantic characteristics, these 
investigators established a basis for examining teachers' knowledge of their students' 
thinking. The goal of the study was to establish if teachers knew how to differentiate 
between problem types, how much they knew about the types of strategies children use 
to solve different problems and how able they were to predict the performance of 
specific students in their classes on different problems. Results of the Carpenter et al. 
(1988) study indicated that most teachers did not have a coherent framework for 
classifying problems and they often could not articulate how the distinctions between 
problems were made. Many of the teachers could identify the most often used strategies 
that children use for solving addition and subtraction problems; however, they usually 
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did not categorize problems they selected for instruction in terms of these strategies 
used typically by children. The ability ofteachers to predict their students' success in 
solving different problems was significantly correlated with students' achievement on 
tests, but their ability to predict the strategies of these students was not correlated with 
students' achievement (Carpenter et al., 1988). 
These findings could be explained by the variety of strategies a student may use 
when solving a problem, or it might suggest that teachers generally do not m*e 
instructional decisions based on students' strategies, but rather based on their 
assessment of whether the problem would be too difficult for the students to solve 
(Carpenter et al., 1988). The conclusion reached by these researchers was that it is 
possible that the teachers' knowledge base is not sufficiently rich to plan instructions by 
assessing the processes children use to solve problems. This should not be surprising 
considering that it took researchers many years to be able to clearly identify these 
processes themselves (Carpenter et al., 1988) and teachers are not necessarily familiar 
with the research that exists on the topic. 
Instructional methods and mathematics anxiety 
According to Brown and Gray (1992), teachers' knowledge of the content of 
mathematics and their methods of instruction may be related to both mathematics 
anxiety and student achievement. For the 116 elementary school teachers in this study, a 
significant negative correlation was observed between anxiety and experience, 
mathematical background, and a positive attitude toward mathematics. None of the three 
dimensions of anxiety-test-taking anxiety, numerical anxiety, and abstraction 
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anxiety-were significantly related to student achievement for this sample. Therefore, if 
changes are made in the background or preparation in mathematics of the teachers to 
improve their knowledge of the subject and its instruction, increases in student 
achievement should occur without necessarily transmitting anxiety to students. 
Greenwood (1984) reasoned that the roots ofmathematics anxiety can be found in the 
teaching methodology most often used in c1assrooms. He referred to thls method as the 
"explain-practice-memorize" paradigm, a method based on memorization rather than 
understanding and reasoning. Many educators and researchers have agreed that the 
educational system fosters the goal of accurate and quick responses either by rote 
computation or memory and less value is placed on the process of making sense of 
producing these answers (Ginsburg & Asmussen, 1988; Lampert, 1986). Dodd (1992), 
who described herself as cured "math phobic," believed that for many students 
mathematics anxiety can be created when teachers emphasize memorizing formulas and 
the application of rules. 
Clute (1984) examined the effect oftwo instructional methods, expository and 
discovery, and mathematics anxiety on achievement in mathematics. College students 
with high anxiety achieved better with the expository approach, while those with low 
anxiety benefited more from the discovery approach. Clute (1984) attributed the results 
to the possibility that highly anxious students lack self-confidence and may therefore 
rely on the well-structured, controlled plan for learning of the expository method. As 
she pointed out, however, limitations of the study inc1uded the fact that a change in 
achievement was not actually measured and that she was the instructor for both groups 
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(Clute, 1984). In a later study by Norwood (1994), similar results were reported. Highly 
mathematics-anxious college students tended to. reduce their anxiety when taught with a 
more structured instrumental approach as compared to a less structured re1ational 
approach. While both approaches were found to improve mathematics achievement of 
remedial college students, the slight negative relationship between mathematics anxiety 
and mathematics achievementmay be a sign that reducing anxiety wil1lead to higher 
achievement. Norwood (1994) conc1uded that students with high leve1s ofmathematics 
anxiety do not trust their own instincts when solving problems and therefore tend to 
prefer to work in a more structured setting. 
Ginsburg and Asmussen (1988) used the method of individual case studies of 
mathematics-anxious graduate students in an attempt to gain some insight into the 
complex development of the emotional and cognitive aspects within the structure of 
personality. They conc1uded from their results that effective education is not only a 
cognitive activity but something persona! for the student. It involves fmding personal 
meaning in the material taught in school. "Ifknowledge is also emotion and motive, and 
ifknowledge develops in the context of the dynamic personality, then education must 
involve more than the transmission and even reinvention ofknowledge" (Ginsburg & 
Asmussen, 1988, p. 109). 
Hatano (1988) agreed that cognitive explanations of mathematical thinking are 
valuable but not sufficient and that feelings, motivations, and persona! meanings of the 
learner cannot be ignored. While some mathematics learners are flexible or adaptive in 
their use of formulae and computation procedures, others can apply their 
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problem-solving skills only to the types of problems they have practiced routinely 
(Hatano, 1988). Hatano believed this difference in flexibility or adaptiveness 
distinguishes between what he called adaptive and routine experts and attributed it to 
the extent of conceptual knowledge possessed. As he pointed out, the sk:ills of routine 
experts are by no means useless. The solution to many mathematical problems can be 
found by using the right procedure at the right time without having the conceptual 
knowledge or understanding it is based on. Only when nove1 or unusual types of 
problems are presented does the lack of conceptual knowledge become a deficit. 
Conceptual knowledge must be constructed by each individual, since it is assumed that 
it cannot be transmitted verbally or graphically, even though its construction can be 
guided to sorne extent by direct or indirect teaching. The construction of conceptual 
knowledge often occurs as a by-product, when an individual seeks causal explanations 
for a given set of observed connections. To become an adaptive expert, cognitive 
abilities are not enough, but an individual has to be motivated to understand why 
procedures work while using them for problem solving. 
In an effort to explain why people are motivated to understand, Hatano 
formulated a process model of arousal of motivation for comprehension based on 
Berlyne's theory of epistemic behaviour (Berlyne, 1963). This theory assumes that since 
people are intrinsically motivated to understand the world, "cognitive incongruity," a 
state in which a person feels that his or her comprehension is intolerably inadequate, 
will motivate the person to seek adequate understanding or satisfactory explanations. 
Cognitive incongruity willlead to "enduring comprehension activity," meaning that 
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further information will be sought, prior knowledge retrieved, new inferences generated, 
or the compatibility of inferences reexamined. 
According to this process model, three types of cognitive incongruity are 
distinguished: surprise, perplexity, and discoordination. Surprise occurs when a 
prediction based on prior knowledge is not confirmed. Perplexity is induced when 
equally plausible but conflicting ideas relating to the procedure or target object exist. 
Discoordination refers to the awareness that some or all of the pieces of supposedly 
related or congruous knowledge lack coordination. AlI three cognitive incongruities will 
motivate individuals to seek further knowledge, but only if they are aware of their 
inadequate understanding. 
In addition, it was theorized that for enduring comprehension activity to occur, 
one must realise the importance and possibility of understanding. That is, if individuals 
have no confidence in their ability to understand, they may be reluctant to engage in 
comprehension activity and may suppress motivation to comprehend (Hatano, 1988). 
Lack of confidence can also lead to feelings of anxiety if students perceive themselves 
in a potentially threatening learning situation. For some students this can lower 
mathematics achievement, which is due in part to the fact that they concentrate more on 
their anxiety than the task at hand (Ginsburg & Asmussen, 1988). 
Another other important determinant leading to enduring comprehension activity 
is the freedom from any extemal need, such as material rewards, the need for absolutely 
correct answers, or positive evaluation. Only when the pressure to obtain rewards is not 
very strong can one be free to concentra te on pursuing comprehension (Hatano, 1988). 
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Based on the process model of the arousal of motivation for comprehension, 
Hatano suggested that the following three conditions have to be met for students to be 
motivated to seek mathematical understanding: Students should encounter novel types 
of problems continuously, they should be encouraged to seek comprehension over 
efficiency, and they should have freedom from urgent need to get external 
reinforcement. In addition, motivation can be amplified by dialogical interactions such 
as discussion, controversy and reciprocal teaching, in which knowledge is to be shared. 
Hatano believedthat in order to pursue adaptive expertise in mathematics, a 
Japanese Science Education Method called Hypothesis-Experiment-Instruction, 
originally devised by ltakura (1962, cited in Hatano, 1988), could be used by 
mathematics educators. This type of instruction "creates conditions for conceptual 
knowledge acquisition by maximally utilizing classroom discussion as weIl as by 
carefully sequencing problems" (p. 67). Students are given a question with several 
answer alternatives from which they may choose. They are encouraged to discuss their 
choices with each other. They are also allowed to test their predictions by observing an 
experiment or reading a given passage. The teacher acts as facilitator and remains as 
neutral as possible during students' discussions. Based on many anecdotal reports 
suggesting that students taught this way think that understanding the how and why is 
more important than making the right prediction, Hatano argued that it is a promising 
model to help students become adaptive experts in school science and mathematics. 
Yet another instructional model that creates an environment in which conceptual 
knowledge can be acquired is the cognitive apprenticeship model which has been 
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designed in an effort t6 teach cognitive skills in a number of subject-matter domains in 
such a way that they can be integrated and applied in a variety of contexts (Brown, 
Collins, & Duguid, 1989). Students listening to a lecture in a traditional classroom or 
reading a textbook are passive. In an appreriticeship, similar to the Japanese Hypothesis-
Experiment-Instruction, knowledge is actively acquired, but with particular emphasis on 
practice in a context that is meaningful in the real world (Collins, Brown, & Newman, 
1989). Collins et al. believed that the key elements of a successful apprenticeship model 
are (1) modelling, whereby the teacher as an expert can model the skill to be leamed for 
the student, (2) coaching, which means that the student can practice the skill with 
support from the teacher, and (3) fading, a graduai withdrawal of support until the 
student performs the skil1without any help. Schoenfeld's (1985) method for teaching 
mathematics to college students incorporates the three key elements of the 
apprenticeship model. It also draws on our knowledge of acquiring expertise in 
problem-solving, metacognitive strategies and the effect leamers' perceptions and 
beliefs have on their skills. 
One of the differences between an expert in mathematics and a novice is that 
experts use heuristics to solve problems. In cognitive psychology, heuristics are 
strategies or rules of thumb that have been developed through experience in solving 
certain problems, however, they do not always guarantee the solution to a problem 
(Best, 1992; Collins et al., 1989; Schoenfeld, 1985). Novices, on the other hand, often 
must resort to trial-and-error strategies if they can in fact realize an appropriate problem 
representation. Considering that experience with certain problems is necessary to be 
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able to use heuristics, Schoenfeld reasoned that even though young children should be 
exposed to them throughout their mathematical career, it is really the student who 
already has a foundation in mathematical knowledge that can benefit most from the 
teaching ofheuristics. Greeno and Simon (1987) agreed that, based on what we know 
about problem-solving processes, explicit teaching of strategies should be considered 
for instruction. The strategy that is primarily taught to the younger student is the use of 
algorithms, procedures or roles that are guaranteed to produce a solution to a problem if 
applied correctly (Best, 1992). 
When introducing new heuristics, Schoenfeld (1985) uses three kinds of 
modelling whereby students can observe expert problem solving. First, he solves certain 
problems and models the selection and use of the most relevant strategies. Second, he 
acts as a moderator while small groups of students solve problems involving the new 
strategy and only models different control strategies for deciding on the best way to 
proceed. This allows for communication among students and with the teacher, using 
language to clarify the students' own understanding ofmathematical terms, defInitions 
and concepts (Lajoie, 1991). Third, in order to change the students' beHefs about the 
ease with which experts solve problems, Schoenfeld attempts to solve difficult problems 
that students have brought to class. To see an expert have difficulty fmding a solution to 
a problem shows students that stumbling or failing is not unique to a novice nor a sign 
of incompetence. 
Coaching as described in the cognitive apprenticeship model is done through 
small-group problem-solving sessions with Schoenfeld acting as a consultant 
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(somewhat like Hatano's teacher as facilitator), gradually fading out the support he 
gives. During these sessions students are encouraged to explain what they are doing and 
why, to help them articulate the reasoning they use and, at the same time, reflect on their 
problem-solving activities. Working with others is one of the aspects important to 
promoting learning in real-life situations (Resnick, 1987). 
One critical element in Schoenfeld's (1985) method is the fact that he also 
teaches students to recognise whether a certain strategy applies to a specifie problem. 
Once students have learned to apply a heuristic and have practised using it, they are only 
occasionally presented with problems requiring its use. This is quite different from the 
traditional classroom, where students can usually predict correctly that a heuristic is 
generally applied to aIl problems assigned while it is being taught (Collins et al., 1989). 
Schoenfeld' s method ensures that students' learning is meaningful rather than by rote, 
where strategies are applied without real understanding. Meaningfullearning enables 
better transfer and retention ofproblem-solving knowledge and skills (Collins et al., 
1989; Greeno & Simon, 1987). Students acquire knowledge that can be applied more 
generally through meaningful instruction, a process that Schoenfeld facilitates through 
what he calls postmortem analysis. He recounts the solution process and points out 
those features of the process that can be generalised. Postmortem analysis is also done 
by students when they explain how they solved their homework problems. This enables 
students to compare the problem-solving strategies between experts and themselves and 
allows the teacher to identify difficulties in students' performance (Collins et al., 1989). 
Computers and mathematics anxiety 
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In addition, computers and their role in mathematics learning and anxiety have 
been investigated during the 1980s, when research on mathematics anxiety was at its 
height. With students now having increasingly much more access to computers in their 
homes and classrooms, research has moved away from the topic of computers and 
mathematics anxiety. This section is induded here only to complete the history of 
mathematics anxiety research. While sorne researchers believed computers may be 
anxiety inducing because oftheir link with the mathematics curriculum (Gressard & 
Loyd, 1987), others felt that their use may have a positive effect on mathematics 
achievement and anxiety (Ferrell, 1986; Papert, 1980). Papert (1980) developed the 
LOGO computer language specifically for use by children. Many daims have been 
made about the benefits ofteaching children to programme computers using LOGO. 
Papert suggested that the language could be used as a tool to prevent the growing 
incidence of mathematics anxiety in the Western world. Hadfie1d, Maddux, and Hart 
(1990) found no reduction in mathematics anxiety in 59 eighth-grade students after one 
year of LOGO instruction. One reason for this was thought to be that once mathematics 
anxiety is established, simply changing the type of instruction is not powerful enough to 
overcome it. Papert (1980) recommended using LOGO to prevent mathematics anxiety, 
but made no daims that it could be used as "cure" for anxiety a1ready established. 
Treatment of Mathematics Anxiety 
Several methods have been proposed for treatment of teachers and students who 
have been identified as highly anxious about mathematics. As mentioned above, there 
are the mathematics methods courses offered to preservice elementary teachers which 
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were found to reduce mathematics anxiety (Battista, 1986; Sovchik, Meconi, & Steiner, 
1981). Chavez and Widmer (1982) suggested that teachers could form nonjudgmental 
and nonthreatening support groups to discuss their negative attitudes and anxieties. 
Similar advice comes from Pearson (1980), who proposed that mathematics-anxious 
teachers take the initiative to find a solution to their problem with the help of school 
administra tors, professionals or possibly tutors. 
In order to help anxious teachers overcome their tendency to avoid teaching 
mathematics and potentially create mathematics anxiety in their students, Martinez 
(1987) offered guidelines for creating an anxiety-free elementary mathematics class, 
such as matching instruction to the students' level of cognitive development, letting 
students control knowledge, and teaching through play. Comell (1999) identified some 
of the sources of frustration and anxiety in preservice elementary teachers, such as 
"obscure vocabulary, not being able to keep up with the class, too many skill-and-drill 
exercises, overemphasis on rote memory, and math instruction presented in isolation, as 
an end in itself, and with little tangible relationships to the real world." He then created 
a list of recommendations to be used for effective mathematics teaching based on what 
participants shared with him. 
Positive results have been achieved with the behaviour therapy technique of 
systematic desensitization (Aiken, 1976; Suinn, Edie, & Spinelli, 1970; Suinn & 
Richardson, 1971, Zyl & Lohr, 1994). Successful anxiety reduction has also been 
achieved with anxiety management training, a procedure that teaches clients, mostly 
university students, to react to anxiety with success feelings or relaxation (Suinn & 
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Richardson, 1971; Vance, Jr. & Watson, 1994) and systematic rational restructuring 
which teaches clients to reevaluate situations in a more rational way 01ance, Jr. & 
Watson, 1994). 
In addition, Eisenberg (1992) felt that teachers may want to expand their 
affective role in helping students overcome mathematics anxiety through methods from 
Transactional Analysis. He recognised that this would mean that sorne mathematics 
educators would have to be trained to become ''teacher-counsellors,'' a solution not 
easily implemented at alilevels of education. Combining a counselling support group 
with attending a mathematics course was the most effective way to reduce mathematics 
anxiety among 69 women returning to college (Hendel & Davis, 1978). A quicker and 
easier solution was proposed by Schacht and Stewart (1990), who achieved positive 
results with college students using humour in the form of cartoons in a statistics course. 
Shodal (1984) described a course "Math Without Fear" that was found to reduce 
mathematics anxiety in college students. Students, instructors and guest speakers shared 
their experiences with mathematics anxiety and techniques they use to cope with it. 
Students are given mathematics games to play and learn relaxation techniques. 
Hodges' (1983) prescription for the prevention of or cure for mathophobic 
individuals was to accommodate various learning styles of the student. These inc1uded 
environmental elements such as sound or light requirements of the learner; emotional 
elements such as motivating a student or monitoring a lack of persistence by him or her; 
sociological elements such as allowing students to work with peers ifthat is what they 
prefer; and perceptual elements; learners who have a high preference for tactile and 
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kinaesthetic sensory modalities will be taught with the use of manipulative aids. This is 
not an easy solution to implement as it requires almost individual teaching and 
redesigning of most standard c1assrooms. 
Kamann and Wong (1993) reported that teaching children with learning 
disabilities to use positive self-statements when solving mathematical problems will 
reduce mathematics anxiety and increase performance. Unfortunately, anxiety was not 
measured before or after the treatment, but was implied from the behaviour before the 
intervention and a reduction in anxiety was deduced from a reduction in negative self-
talk during problem-solving. 
In an effort to prevent mathematics anxiety from ever developing, one school 
created a "math lab" for children in grades K-8, where a hands-on approach allows 
students to "recapture the concrete experience that small children bring to learning 
math" (Tankersley, 1993). Mathematics anxiety levels were not measured in this study 
and a reduction or prevention of it only implied by students having made substantial 
gains on state achievement tests over the four yearS that the programme was in 
existence. 
There is also much advice offered to mathematics teachers about helping 
students develop self-confidence in their ability, providing a supportive and positive 
classroom atmosphere, making students aware of the usefulness and relevance of 
mathematics in everyday life, motivating them, and avoiding insensitive behaviours in 
teachingprocedures (Dodd, 1992; Hatano, 1988; Hunt, 1985; Skiba, 1990; Stuart, 2000; 
Tobias, 1991; Wieschenberg, 1994; Williams, 1988). While positive experiences will 
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also affect attitudes towards mathematics, Walmsley (2000) argued thatjust one 
negative experience may have a much more lasting influence on students. Fairbanks 
(1992) believed that students might learn more if the need to worry about passing was 
eliminated, and assured his students of a passing grade if they were willing to satisfy a 
number of non-evaluative requirements. In short, "no teacher should underestimate his 
or her own power for good" (Burton, 1984, p. 206). Desper's (1988) recommendations 
included that teachers are aware of some of the correlates of mathematics anxiety when 
developing lesson plans and the hope for continued research dealing mainly with the 
prevention and treatment of mathematics anxiety. 
In summary, more than two decades ago, Tobias and Weissbrod (1980) argued 
that techniques to reduce mathematics anxiety needed to be evaluated and more c10sely 
linked to theories of learning. Although they feared that this lack of empirical data may 
pro duce careless and even irresponsible "math cures," they also agreed that the result of 
many interventions showed that individuals suffering from mathematics anxiety can be 
heiped, not only to overcome their anxiety, but aiso to Iearn mathematics. Their 
concerns appear to still be valid today and the research link between how students learn 
mathematics and mathematics anxiety is so far a tenuous one. 
Summary and Critique of Research on Mathematics Anxiety 
One of the difficulties in generalizing between studies is the lack of consensus 
among researchers with regard to the various dimensions of mathematics anxiety and 
how mathematics anxiety relates to other types of anxiety that have been identified in 
the literature. As McLeod (1992) pointed out, the concepts underlying the investigations 
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still appear to be fuzzy and the terminology used is not clear. To consider mathematics 
anxiety a stable personality characteristic, as concluded by Morris, Kellaway, and Smith 
(1978) appears unlikely though, since mathematics anxiety generally does not seem to 
develop until after individuals have begun formal schooling (Williams, 1988). Based on 
the description oftheir study, there is no indication that this particular group of 
participants was particularly anxious very often or in a variety of situations, suggesting 
that they could be considered high in trait anxiety. It is also quite in contrast with Brady 
and Bowd (2005) who argued that mathematics anxiety " .. .is a form of state anxiety as it 
is manifested in specific situations" (p. 37). 
Even once the obstacle of finding a common description of mathematics anxiety 
is overcome, it is difficult to summarize the results ofresearch on mathematics anxiety, 
with the exception perhaps of those studies that attempt to validate some of the 
instruments developed to measure it. 
Much of the literature consists ofphilosophical discussions ofhow mathematics 
instruction or teacher variables may contribute to mathematics anxiety and on 
correlational studies that use a variety ofmeasures and variables (Reyes, 1984), making 
comparisons of results difficult. Copies of many studies are not easily available as 
published journal articles. From the 151 studies selected for meta-analysis by Hembree 
(1990), only 49 were journal articles, 23 were ERIC documents, 75 were doctoral 
dissertations and 4 were reports in other sources. 
Results of studies mày be misleading if the statistical analyses are based on the 
comparisons of means with classes as units of analysis rather than individuals (Bush, 
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1989, 1991). Even research attempting to control for mathematics ability is flawed by 
the fact that it is quite possible that the mathematics sections of standardized aptitude 
tests may themselves include a component of mathematics anxiety that will affect the 
score (Dew, Galassi, & Galassi, 1984; Llabre & Suarez, 1985). Other limitations of 
studies include controlling performance for prior exposure to mathematics without 
obtaining information about the success participants had previously in their studies of 
mathematics (Kagan, 1987). 
In addition, many authors described a variety of interventions designed to reduce 
or prevent mathematics anxiety (Battista, 1986; Desper, 1988; Hadfield, Maddux, & 
Hart, 1990; Hembree, 1990; Hodges, 1983; Hunt, 1985; Shodal, 1984; Skiba, 1990; 
Smith, 1989; Sovchik:, Meconi, & Steiner, 1981; Tankersley, 1993; Vance, Jr. & 
Watson, 1994; Williams, 1988; Zyl & Lohr, 1994) and/or increase mathematics 
achievement levels in students (Fairbanks, 1992; Kamann & Wong, 1993; Norwood, 
1994; Welch, Anderson, & Harris, 1982; Wieschenberg, 1994). While some ofthese 
interventions are based on empirical data, others appear to consider mathematics anxiety 
fairly superficial and responsive to simple persuasion or desensitization (Frary & Ling, 
1983). Another problem of some of the anxiety treatment programmes is that not all of 
them appear to have a common goal, that is, to reduce anxiety as well as increase 
achievement scores in mathematics. A large number of anxiety reduction programmes 
are successful in reducing mathematics anxiety, but a much smaller number also results 
in improved mathematics performance (Tobias, 1979). 
Probably the simplest solution to the problem ofmathematics anxiety is being 
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offered by Smith (1989) who agreed with students that the mathematics taught in school 
is not relevant to the real world. He felt that mathematics requirements should be 
decreased at the high schoollevel to one basic mathematics course, so that only 
interested students will take algebra, geometry, or trigonometry as electives. This might 
possibly work if the dislike of and tension about mathematics could be traced back to 
the high school years. Unfortunately, for many it seems to start already in elementary 
school, and it is not likely that once students have become disillusioned with the subject, 
they will voluntarily take more mathematics courses. 
This is not to say that a compulsory increase in mathematics enrolment will 
solve the problem ofmathematics anxiety or, as claimed by Welch et al. (1982), the 
declining scores on national mathematics tests. It is impossible to mandate high 
standards (Stefanich & Dedrick, 1985) and neither sheer force nor total absence of 
mathematics teaching is going to produce high mathematics achievers (National 
Research Council, 1989). 
The concem expressed about teachers' mathematical knowledge might be 
warranted (Bulmahn & Young, 1982; Shulman, 1986b), but its relationship to 
mathematics anxiety and achievement is not that simple. It is true that teachers must 
understand a topic before they will be able to teach it (Goldberg & Wagreich, 1990). It 
does appear, though, as ifteachers are not expected to know more mathematics than 
what they are required to teach at their particular grade level. Bush's (1989) study tested 
children's achievement in mathematics based on their particular grade level (grades 
four, five and six) and teachers' mathematics achievement was measured with the 
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sixth-grade version of the achievement scale. Research has shown, though, that merely 
improving the mathematical background of teachers is not likely to e1iminate all our 
problems with mathematics education (Weiss, 1990). More emphasis needs to be placed 
on how teachers pass on their mathematical knowledge to students. 
To place the blame on the incompatibility between the student's individual 
learning style and the learning environment seems yet another too simplistic explanation 
of mathematics anxiety. While everybody may have a preferred learning environment, 
part of human development and the learning process is the ability to adapt and function 
in a variety of situations. It would also be unlikely that mathematics would be the only 
subject where not matching instruction and environment to an individual's preference 
will cause anxiety. Sloan et. al. (2002) found that pre service teachers who preferred 
higher levels of globallearning, exhibited higher mathematics anxiety. They did not 
offer a solution for the anxious teachers, but rather suggested that recognizing the fact 
that students differ in learning style may be helpful in reducing the mathematics anxiety 
of the students. They did not elaborate on what preservice teachers should do about their 
own mathematics anxiety. Another potential problem for analyzing results might have 
been the study by Jackson and Leffingwell (1999) who asked pre service teachers to 
de scribe their "worst" experience in mathematics from kindergarten through college. It 
seems unlikely that someone would not have had at least one negative experience during 
that many years of mathematics education, as evident by only 7% of participants 
reporting only positive experiences. 
Ginsburg and Asmussen (1988) believed the most dramatic paradox oflearning 
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difficulties in intelligent people can be found in the individual suffering from 
mathematics anxiety. These researchers raised the issue of "hot mathematics" and 
proposed to go beyond the purely cognitive by considering issues such as belief, 
motivation, style, affect, and identity. They agreed that we need to have more 
information on how learning problems develop and how the factors that affect them 
interact to produce these problems (Ginsburg & Asmussen, 1988). 
The results of studies on anxiety intervention programmes indicated that 
reducing anxiety through stress-coping intervention and developing positive attitudes 
will not necessarily lead to improved academic performance (Martinez, 1987; Sime, 
Ansorge, OIson, Parker, & Lukin, 1987; Wood, 1988). This may lead one to consider 
whether mathematics anxiety is not simply stopping people from using a skill they have 
under different circumstances. 
Clearly, while much progress has been made in our understanding of 
mathematics anxiety, we have yet to find a way to eliminate, or better yet, stop the 
development of, negative emotions about mathematics, as weIl as increase mathematical 
competence to an acceptable level. 
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Rationale for the Study 
The Link between Mathematics Anxiety and Cognition 
While mathematics anxiety may be caused by a great number of experiences or 
factors, a review of the research on mathematics anxiety and on mathematics learning 
indicates that a uni:fying framework may be found when cognitive as well as affective 
variables are being taken into consideration. Specifically, mathematics anxiety should be 
seen not so much as a mathematics performance block, but rather as a mathematics 
learning difficulty that appearS to have its roots in the elementary classroom where 
children not only learn the subject matter but also acquire the beliefs that surround it. 
Educators, parents and even students often feel that the basic skills of arithmetic 
must be learned mainly through rote memorization before meaningful problem solving 
can be attempted successfully (Greenwood, 1984) because so much value is placed on 
accurate and quick responses by rote computation rather than on making sense of how to 
produce answers (Ginsburg & Asmussen, 1988; Lampert, 1986; Norwood, 1994). 
Students believe that mathematical knowledge consists of various unrelated components, 
that this knowledge is passively handed down to them by teachers or through textbooks, 
and most importantly, that learning should occur quickly, within 5 to 10 minutes (Muis, 
2004). Not only do children believe that it is desirable to get the right answer as quickly 
as possible. but it should be done without much thought or reasoning (Ginsburg & 
Asmussen, 1988). Such a strategy interferes with taking time to reason in order to solve a 
problem, which may result in wrong answers, thereby leading to decreased 
self-confidence and feelings of anxiety. The end result may be children who are routine 
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experts, described by Hatano (1988) as learners who use memorized procedures to solve 
problems they routinely encounter without much understanding of why these procedures 
work. 
Many adults and children perform everyday problem-solving procedures only 
because they "work," and not necessarily because they understand how each step ofthe 
procedure contributes to the solution of the problem (Hatano, 1988). For example, young 
children can be taught to add and subtract without understanding that these operations are 
reciprocal (Stem, 1993); at some point, however, this lack oflinking concepts will make 
it difficult for them to become mathematically competent. Being a routine expert is often 
advantageous in order to accomplish the many tasks presented to an individual in 
everyday life. What is important, though, is that children do not become routine experts 
too early in their education, limiting their knowledge growth by believing that a deeper 
understanding of the subject is neither necessary nor desirable. 
Researchers, educators and administra tors have obviously given mathematics 
anxiety serious thought over the past decades. There is some agreement that the roots of 
mathematics anxiety are in the elementary and middle high school years (Jackson & 
Leffingwell, 1999) . More emphasi~ needs to be placed on the antecedents of anxiety 
about mathematics in young children, rather than merely focussing on a cure for 
mathematics-anxious oider individuals whose mathematics knowiedge may be severely 
limited through years oflearning while coping with their anxiety. 
There is a growing body of research emphasizing the importance of the 
development of conceptual knowledge in mathematics education, by teaching students 
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metacognitive skills, such as planning their strategies, monitoring and evaluating their 
own problem solving process, without disregarding beliefs, perceptions and feelings 
individuals have about mathematics (Garofalo & Lester, 1985; Gartmann & Freiberg, 
1995; Ginsburg & Asmussen, Gourgey, 1998; 1988; Hatano, 1988; Hunt, 1985; Lampert, 
1986; Mayer, 2002; Muis, 2004; Schoenfeld, 1983; Schoenfe1d, 1985; Schoenfeld, 1992). 
If we fail to stress true understanding of mathematical concepts long before a 
child reaches high school, anxiety might develop when students realise that what they 
have come to believe to be effective strategies are not sufficient for Them to fee1 confident 
in their mathematical problem solving ability. 
Schoenfeld's (1985) method ofteaching mathematics highlights the mental 
processes experts use and teaches students that learning mathematics involves more than 
applying procedures. His students learn to evaluate and reflect on their mental processes 
as well as shape their beHefs about mathematics. Mathematics anxiety might just be a 
sign that a child is recognizing the importance of becoming, what Hatano calls, "an 
adaptive expert," but has not been given the proper tools to achieve this status. Children 
not only learn the material presented in school, They also become more knowledgeable 
about learning by adopting the beliefs that exist about a particular subject. 
According to Tobias (1981), the four sources ofmathematics anxiety found in the 
traditional classroom are time pressure, humiliation, emphasis on the right answer, and 
working in isolation. Ifthis is correct, then Schoenfeld's method ofteaching mathematics 
appears to have eliminated all four of these anxiety producing antecedents while at the 
same time teaching mathematical knowledge that allows students to incorpora te each new 
Cognition and Mathematics Anxiety 52 
piece of information into a connected whole. 
However, Schoenfeld's students are taking college-Ievel mathematics classes and 
reflecting on one's mental processes and shaping beliefs should begin with the tirst 
mathematics lesson taken. Once mathematics anxiety begins for a student, it is no longer 
merely a performance anxiety but becomes a learning problem that will make acquisition 
ofmathematical knowledge increasingly more difficult. For example, a musician may be 
highly anxious to play a particular piece of music during a concert, an audition or a taping 
session, similar to a mathematics student suffering from anxiety during a mathematics 
test or classroom lesson. However, a difference lies in the fact that musicians are able to 
play their music well during rehearsals and practice, because they are not actually afraid 
of handling or touching either the instrument or the sheets of music, not does looking at 
the notes cause them anxiety. Anxious mathematics students are afraid of dealing with 
numbers in any situation, especially the one that is thought to allow them the acquisition 
of the skill of solving mathematical problems. A second difference lies in how music and 
mathematics education are viewed in our society. While learning to play an instrument is 
mostly voluntary, the study ofmathematics up to a certain level is a requirement in our 
schools. In comparison with many other compulsory school subjects, such as history and 
geography, knowledge in mathematics is much more cumulative and the longer and the 
more frequently a student' s anxiety interferes with the learning process, the greater are the 
knowledge gaps and the shakier the knowledge foundation that is so necessary for 
continued mathematical competence. In contrast, having failed to learn about one 
continent in geography will still allow students to achieve high grades when being taught 
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a different unit. If one recognises the difficulties mathematics-anxious students have in 
learning the subject, mathematics anxiety may be as justified as dreading the thought of 
standing on a stage having to play an instrument if one has not mastered the skill. 
The Rationality of Mathematics Anxiety 
Investigators of mathematics anxiety often focus on affect and on improving 
mathematics performance by treating the anxiety with various intervention programmes 
(Battista, 1986; Shodal, 1984; Sovchik, Meconi & Steiner, 1981; Suinn, Edie & Spinelli, 
1970; Suinn & Richardson, 1971). Mathematics anxiety appears to be seen as feelings of 
tension and nervousness that are basically unjustified, and that by changing the beliefs of 
the learners and increasing their self- confidence, competence in mathematics will 
increase. Morris, Davis and Hutchings (1981) as discussed previously in the literature 
review suggest that ''worry,'' the cognitive component of anxiety rather than 
"emotionality," the affective component of anxiety, may reflect concem about 
"accurately" perceived performance difficulties, rather than being the cause of poor 
performance. The items of their scale assessing "worry" deal with concems about doing 
badly on mathematics tests. If researchers and educators are correct in saying that children 
are initially taught that mathematics is learned through rote and memorization, feelings of 
anxiety may begin with the knowledge or awareness of lacking deeper understanding of 
the subject. This awareness may be the very heginning of the development of a 
metacognitive process and may he used to help teach children that to think 
mathematically, they have to go heyond rote learning and memorization. Lazarus (1974) 
believes that mathematics anxiety can pass through a latency stage, similar to that of a 
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physical disease, if students are able to achieve good grades during their elementary 
school years by memorizing formulae and rules. He believed that children at sorne point 
need to switch to the more appropriate strategies of understanding or they will eventually 
lack the necessary background to do weIl on tests. As discussed earlier, children are often 
discouraged from bringing their informally acquired knowledge about numbers to school, 
which leads to the school becoming an environment for merely learning rules for 
manipulating these numbers (Resnick, 1987). 
Anxiety about mathematics may develop when students become aware of an 
inability to solve mathematical problems with what they know and believe about the 
subject. They might not know specifically that they are lacking conceptual knowledge or 
be able to realise that previous strategies such as rote memorization are no longer 
sufflcient. While some students may feel confident that memorization of formulae or 
recognizing procedures will be sufficient for solving problems, others may realise that in 
addition they need to be able to use this knowledge in a variety of problems that differ 
from the straightforward examples teachers often use to explain a new concept. To 
develop the necessary metacognitive skills requires an awareness of knowledge about 
one's knowledge. These students might have the potential to develop more of the 
necessary metacognitive skills but without the proper knowledge to monitor and improve 
their learning progress, they are merely left with the knowledge of not knowing enough. 
A study by Garii (2002) ofhigh school students suggested that participants believed 
memorization and conceptualization work together if they are to achieve deeper 
understanding of mathematics, indicating that they may also be aware of their lack of 
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knowledge to accomplish this goal. Low mathematics achievement may be the final 
outcome of mathematics anxiety, once anxiety has reached high levels of intensity. 
lnitially though, it might he that anxiety begins with a growing awareness of lacking 
knowledge, and it is this increasing lack ofknowledge that results in low achievement. 
Even if students continue to perform at an acceptable level with inappropriate or 
insufficient strategies, such as memorization, they will be under greater pressure with 
each successive mathematics course that is taken. This might explain why students who 
have achieved passing grades during most of their school years will avoid taking more 
mathematics courses once they are given the option to do so. 
According to Pajares and Miller (1994), students' ability to judge how well they 
will be able to solve specifie mathematical problems may be an indication that most 
individuals' awareness of their knowledge is fairly accurate. Their suggestion to "alter 
inaccurate judgments" in order to increase mathematics performance may not be all that 
is necessary. Ifthere is an actuallack ofknowledge, changing someone's beliefs has to be 
concurrent with mathematics instruction and learning if the goal is to increase 
performance. 
Research has shown a negative correlation between mathematics anxiety and 
achievement as weIl as an increase in mathematics anxiety with grade level (Hembree, 
1990), but the inconsistency in the results of many studies may be due to the fact that 
achievement measures used vary from study to study and often do not test for conceptual 
knowledge or the knowledge that students may have but that is not evident on paper. To 
only use the correct answer and any written work may not be sufficient evidence of 
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students' knowledge and techniques such as think-aloud protocols may show that sorne 
students are simply guessing while others feel too insecure in their knowledge to continue 
solving a problem. 
The re1ationship between mathematics anxiety and a more complete picture of 
students' knowledge needs to be investigated further to see if the results are more 
consistent and whether the relationship is stronger and identifiable earlier than the one 
between mathematics anxiety and achievement as measured by most current mathematics 
tests or by course grades. If we are measuring learning only by the outcome or the correct 
response, we will ignore the learning that occurs in the process of reaching this goal. 
Research on cognition has shown that much learning may go on even when the outcome 
is not the solution to the problem. Similarly, the correct answer to a problem is not 
necessarily an indication that the underlying mathematical concept has been understood. 
It may just be that the individual has selected the appropriate rule, possibly even by 
chance, and applied it correctly. While correct rule application may be an indication that 
sorne learning has occurred, it may not be sufficient for students to develop the necessary 
confidence in their mathematical abilities. 
Using correct answers as a measure for mathematical competence may, therefore, 
not be sensitive enough to distinguish differences in mathematical knowledge of 
individuals who are confident that they are able to problem-solve from those that are 
anxious about mathematics. 
This study attempts to combine knowledge from the areas of anxiety, learning, 
and teaching in mathematics. It is hypothesized that anxiety in mathematics is generated 
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by a greater awareness that (a) one does not understand mathematical problems and (b) 
one does not know how to gain this understanding. It is also hypothesized that being 
mathematics-anxious is related to a greater reliance of memorization of mathematical 
rules and strategies without deeper understanding of mathematical concepts. In addition, 
ifhighly mathematies-anxious individuals are more aware oftheir lack ofknowledge, 
they may also be more accurate in predieting their performance on specific mathematieal 
problems. 
Questions Investigated in this Study 
1. Do highly mathematies-anxious students differ from students not anxious about 
mathematics in their awareness of their laek of mathematical knowledge? 
This question examines verbalizations of students during problem solving for 
statements that showevidence of greater awareness ofknowledge or the laek thereof. 
2. Do highly mathematics-anxious students rely more often on mIe memorization 
than students who are not anxious about mathematies? 
Verbal proto cols are examined for evidenee of highly mathematics-anxious 
students selecting and applying rules more often in the way Hatano deseribes a "routine 
expert" without deeper understanding of the problem to be solved. 
3. Will highly mathematics-anxious students predict their performance on specifie 
mathematical problems better than students who are not anxious about mathematics? 
The third question will look at students' ability to predict aeeurately whether they 
ean correetly solve specific mathematical problems. It is hypothesized that students who 
are mathematies-anxious know that they are lacking sorne understanding of the subject, 
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even if they are not able to specify where these knowledge gaps are. Dnly when 
mathematics anxiety has reached extremely high levels, that is, when individuals refuse to 
even read or discuss a mathematical problem, will the magnitude of the emotion block all 
cognitive processing, including the ability to reflect on one's ability to perform (McLeod, 
1988). 
4. How weIl are teachers able to predict their students' performance on specifie 
mathematical problems? 
Data on teachers' predictions oftheir students' performance will be compared to 
students' own predictions as well as actual marks they would receive on only their written 
work and marks taking evidence of mathematical knowledge from verbal protocois into 
account. Ifteachers are unaware oftheir students' lack ofmathematical knowledge, they 
may not be sensitive to students' feelings of insecurity and anxiety about doing weIl. 
5. Where does mathematics as a subject rank with students in popularity and what 
are the subjects they like and dislike most? 
Because students are asked to justify their answers, the data coIlected will allow 
students to reflect on their choices, giving a more complete picture of how high school 
students feel about the subject of mathematics. It may allow for sorne comparison 
between their beliefs about mathematics and their favourite and least favourite subject. 
6. Will students with high mathematics anxiety avoid taking more mathematics 
courses? 
The last question is expected to give sorne knowledge about how students feel 
about taking more mathematics courses in the future and whether mathematics anxiety 
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may be one of the factors preventing students from studying mathematics past the 
mandatory courses. 
An investigation of these questions will allow for a better understanding of why 
mathematics anxiety is such a common phenomenon among individuals who do not lack 
the necessary cognitive abilities to solve mathematical problems. If students' anxiety 
about mathematics is often associated with their lack of knowledge and the fact that 
students are aware of this lack, educators may need to modify instruction as weIl as try to 
change negative attitudes and erroneous beliefs that exist in the mathematics classroom. 
Participants 
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Method 
Participants were 105 grade 9 students, 51 males and 54 females, from two 
English suburban high schools, belonging to the same school board to ensure exposure to 
the same mathematics curriculum. The average age of the participants was 14.5 years 
with a range from 13 to 17 years. AlI students at the grade 9 leve1 were eligible to 
participate and the sample therefore potentially included students diagnosed with learning 
disabilities, below average abilities, and students with above average mental abilities. 
Consent was received from 145 students, but six of these students moved before testing 
started, one withdrew from the studyand 33 students were unable to provide parental 
consent. 
There were several reasons for using grade 9 students. Although research seems to 
indicate that mathematics anxiety has its beginnings in the elementary school years, the 
effect, or accumulated gaps in knowledge, may only show several years later. Young 
adults reported most negative experiences during their mathematics education in three 
clusters of grade levels: grade 3 and 4 at the elementary level, grades 9 to Il at the high 
schoollevel, and freshman year at the college level (Jackson & Leffingwell, 1999). Grade 
7 students were not se1ected because this is the fust year of secondary schooling in 
Quebec. The switch to high school is for many students quite traumatic and their 
educational backgrounds may vary substantially if they come from different elementary 
schools. Grade 9 is also the year where more abstract concepts are introduced, which 
make knowledge ofbasic skills even more important. Mathematics anxiety may be 
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already firmly established at this grade level, and at the same time students may be aware 
enough of their thought processes to adequately verbalize them. 
Materials 
The Mathematics Anxiety Rating Scale - Adolescents (MARS-A) (Suinn & 
Edwards, 1982) consists of 98 items, each item representing a situation which may arouse 
anxiety associated with the use of numbers and numerical concepts. The items are scored 
on a 5-point Likert scale from "1" indicating "Not at aH" anxious to "5" for "Very much" 
anxious. The Spearman-Brown split-half reliability on a sample of 1,313 students was 
reported to be .90. The reliability coefficient using the Guttman Split-HalfMethod was 
.89. A coefficient alpha of .96 was reported as an index ofintemal consistency. Construct 
validity was evident from the results ofSuinn and Edwards' (1982) study which showed 
that high mathematics anxiety scores, as measured by the MARS-A, were associated with 
low mathematics course grades. 
In addition, the authors had investigated construct validity by analyzing data from 
483 students of one school by a factor analysis, principal components solution, with 
oblique rotation. Eighty-nine of the 98 items showed factor loadings of >.30 on an initial 
factor. This primary factor was called "Numerical Anxiety" and the second factor for the 
remaining items was labelled "Mathematics Test Anxiety." This result was reported to be 
consistent with earlier analyses of the MARS, the Mathematics Anxiety Rating Scale for 
adults, from which the MARS-A was derived (Suinn & Edwards, 1982). 
The State-Trait Anxiety Inventory - STAI Form Y (Spielberger, 1970) consists of 
two self-report scales for measuring state and trait anxiety, printed on opposite sides of a 
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single-page test form. Twenty statements on the S-Anxiety seale (STAI Form Y-l) 
evaluate how respondents feel "right now," at this partieular moment. The twenty 
statements of the T-Anxiety seale (STAI Form Y-2) evaluate howindividuals "generally" 
feel. 
Respondents to the S-Anxiety scale blacken the number on the test form to the 
right of each item that best describes the intensity of their feelings at this moment, from 
(1) not at all; to (4) very much so. Responding to the T-Anxiety scale requires individuals 
to indicate the frequency of their feelings of anxiety in general from (1) aImost never; to 
(4) almost always. 
Form Y is a revision of the previous Form X of the STAI to (a) develop a "purer" 
measure of anxiety and to better discriminate between anxiety and depression, (b) replace 
a number of items to improve their psychometric properties for younger, less-educated 
individuals and those from lower socioeconomic status groups, and (c) refine the factor 
structure of the T -Anxiety scale by better balancing between anxiety-present and anxiety-
absent items (Spielberger, 1970). 
Forms X and Y were reported to be highly correlated (.96 for both S-Anxiety and 
T-Anxiety for high school males and .97 for both S-Anxiety and T-Anxiety for high 
school females) and while the normative data reported in the 1983 edition of the manual 
is primarily based on Form Y (Spielberger, 1970), sorne data based on research with 
F orm X have been retained. 
Test-retest reliability coefficients for male high school students for the T -Anxiety 
Scale after 30 and after 60 days were reported as .75 and .65, respectively. For female 
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high sehool students, test-retest reliability coefficients were .75 after 30 days and .65 after 
60 days. The reported stability coefficients for the S-Anxiety scale for this age group were 
somewhat lower, .62 and .51 for males and.34 and.36 for females (Spielberger, 1970). 
Spielberger (1983) points out that due to the transitory nature of anxiety, these results 
should be expeeted for state anxiety whieh should reflect the influences of the specifie 
situation at the time of the testing. 
Alpha coefficients for the Form Y T -Anxiety and S-Anxiety scales, computed by 
Kuder-Richardson KR-20 formula as modified by Cronbach (1951) were given as .86 for 
S-Anxiety and .90 for T-Anxiety for high sehool males and .94 for S-Anxiety and .90 for 
T-Anxiety for females ofthat age group. As an additional index ofintemal consistency 
item-remainder correlations were computed for the normative samples (Spielberger, 
1970). For high school students the median item-remainder correlation was .55 for S-
Anxiety and .54 for T -Anxiety (Spielberger, 1970). 
Results ofresearch discussed in the STAI Form Y Manual (Spielberger, 1970) 
provide evidence of the concurrent, convergent, divergent, and construct validity of the 
STAI scales. 
A Short Questionnaire asking students to state their most and their least favourite 
subject and to deseribe how they feel about it and how confident they are in their ability 
to do weIl in it. If they have not answered with mathematics in either the above, they are 
asked to describe how they feel about mathematics next. AlI three items are followed by 
the question "Why do you think you feel this way?" to prompt students to elaborate on 
and justify their answers. The last part asks participants to indicate how comfortable they 
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are with answering questions about feelings and personal beliefs on a scale from 0 (very 
uncomfortable) to 10 (very comfortable) (See Appendix A for a list of the questions). 
According to the literature, males are less willing than females to admit to any feelings, 
but they might indicate how comfortable they are responding to questions about their 
mathematics beliefs and possible feelings of anxiety. 
Two types of mathematics tasks, traditional school mathematics problems and 
non-traditional, novel tasks, were used. 
Four traditional problems that students routinely encounter in the classroom were 
selected from recent year end exams for grade 8 students and recent mid year exams for 
grade 9 students in consultation with the mathematics teachers. While these problems are 
fairly rule-based, they are what students at that grade level encounter in c1ass and it was 
hoped that the data would show more than just straightforward memorization and 
application of rules. The problems allow students with a variety of preferences, such as 
visual representations or putting mathematics into an everyday context, to be tested for 
what they know and understand about mathematics (See Appendix B for a list of aIl 
mathematical tasks). 
Mathematics Problems-Traditional: 
1. The fIfSt traditional problem involves fractions which appear to give many 
students difficulties, as well as requiring knowledge about the order of operations. 
2. The second problem deals with exponents as weIl as fractions, both concepts 
students have been working with for at least two years. 
3. The third problem asks students to calculate the area and perimeter of a 
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polygon, giving them a drawing to work with. 
4. The fourth and last traditional school problem is a word problem that requires 
students to set up an algebraic equation and solve for an unknown. 
Two nontraditional mathematical tasks were incIuded because students often 
equate mathematical problem solving only with the type of problems they routinely 
encounter in school. Students with high ability to memorize may increase their 
performance by memorizing mIes without understanding, in which case they may become 
more anxious when confronted with novel problems and their performance may decrease. 
These non-traditional problems require little mathematical knowledge, but the route to the 
solution is not necessarily obvious or derived from learned rules. 
Mathematics Problems-Non-Traditional: 
5. The fifth problem is considered to be non-traditional and was taken from a 
selection of problems used by Hillel and Wheeler (1982) who investigated how students 
attempt solving mathematical problems and the methodological difficulties in attempting 
to determine this. For this problem students were asked ifthey could cut (or more likely 
draw) a square into four, seven, and thirteen square pieces. 
6. The sixth or second non-traditional problem is called a "Pyramid." The 
construction mIe for "pyramids" states that a lower number in the pyramid is the sum of 
the two adjacent numbers above it. The problem used for this study was modified from 
one taken from an article describing various ways to teach school algebra by Bell (1995). 
For this study the diagram for the pyramid was reversed to more closely resemble 
an actual pyramid construction. Therefore, the highest sum is shown in the top square and 
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the new rule states that the higher number is the sum of the two adjacent lower ones. In 
addition, an extra line was added which allowed for a number of different ways to 
correctly complete it, basically using trial-and-error. 
Procedure 
Once permission to proceed with the study had been granted by the school board 
and the school administrators, and mathematics teachers' cooperation had been sought, 
consent forms for both parents or guardians and students were handed out in five classes 
in one school and six in the other (see Appendix C and D). Letters describing the research 
as an investigation of the relationship between feelings about mathematics and actual 
performance and understanding of the subject were attached with all consent fonns (see 
Appendix E). The response rate was 145 signed consents out of 274 forms that had been 
distributed (53%). As an incentive, participants in each school had the opportunity to win 
a gift certificate from a local music store once all data had been collected. A summary of 
the results of the study was also offered to anyone indicating an interest. The study was 
conducted in both participating schools during regular class time, with a schedule 
approved by all the teachers involved. 
The following information on all participants was collected from the school files: 
Age, gender and final mathematics grades from grade 9, grade 8, grade 7 and grade 6. The 
grade 9 marks were added after the year had been completed and aU marks been assigned. 
Their last grade from elementary school was included because there often appears to be a 
drastic change in performance when students begin high school. AU participants were 
asked to fill out the various questionnaires described in the Materials section and based 
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on their scores on the Mathematics Anxiety Ratings Scale participants were divided into 
four groups: mathematics-anxious (scores of 75% or above) males and females and non-
mathematics-anxious (scores of25% or below) males and females. This subset consisted 
of 16 males and 13 females scoring high on mathematics anxiety, and 15 males and 12 
females scoring low on mathematics anxiety. Verbal protocols from two students, one 
male and one female were used as pilot data which therefore was not inc1uded in the fmal 
analysis. From the remaining 54 verbal protocols the final subset selected for proto col 
analysis, based on high or low anxiety levels, consisted of 40 participants; ten each of 
mathematics-anxious males and females as weIl as ten each of mathematics non-anxious 
males and females. 
To ensure that students treated the questionnaires seriously, these were 
administered outside the regular c1assroom in small groups of approximately ten students. 
Teachers selected the group of students who were allowed to leave with the experimenter 
at the beginning of c1ass and they were led back to the c1assroom once the questionnaires 
had been answered. The session began with the State-Trait Anxiety Inventory 
(Spielberger, 1970). As recommended by the author of the instrument, the S-Anxiety 
scale was administered first, followed by the T-Anxiety scale. For the State Anxiety scale, 
students were asked to imagine having to write a test in the subject that they would like to 
be tested in the least and they were instructed to write the subject on top of the page 
before answering the questions. The scores of these scales distinguished between non-
anxious individuals, those who are suffering from test anxiety, a particular state, and 
individuals who are generally prone to being anxious. 
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The MARS-A was administered next, followed by the Short Questionnaire about 
students' feelings on their most favourite and least favourite subject and mathematics if it 
was not one of the two previous ones. The last question asked students to rank themselves 
from zero to ten on how comfortable they felt answering the questionnaires. 
The information on gender and the scores on the three anxiety measures were used 
to separate participants into four groups, mathematics-anxious males and females and 
mathematics non-anxious males and females based on the normative data provided with 
the MARS-A (Suinn, 1979). 
The two students from this subset selected for the pilot data were included in all 
stages of data collection. At the beginning of all sessions students were asked to sign a 
secrecy agreement, promising not to discuss the mathematical problems with anyone until 
after data collection was complete, when they also would be given the opportunity to ask 
questions about the research being conducted (see Appendix F). With the experimenter 
present, they solved the six mathematical problems while verbalizing their thoughts. The 
sessions were being audio taped. From the results of the pilot data it appeared that not 
letting students use a calculator would result in very little actual problem solving. The 
remaining participants were offered a calculator but were told that it did not have a 
fraction button to avoid students simply punching numbers into a calculator for the first 
two problems. Students were tested during their regular class time with approval by the· 
teacher in a previously prepared empty class room or conference room of the schooL 
They were asked to solve the six mathematical problems while verbalizing their thoughts. 
All sessions were he1d in the presence of the experimenter and they were tape recorded 
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for further analysis. After reading each mathematical problem aloud, before starting to 
solve it, the students were asked to rate how confident they were about being able to solve 
the problem on a 5-point Likert scale from "1" indicating "not at aIl" confident to "5" for 
"very much" confident. 
A list of the participating students together with a copy of the mathematical 
problems was given to the teachers and they were asked to rank their students on how 
weIl they thought their students would perform on the problems on a 5-point Likert scale 
from "1" indicating "not at all" confident to "5" for "very much" confident. In addition, 
teachers were asked to indicate how mathematics-anxious they thought their students 
were on a scale from zero to ten with "0" being not anxious at all and "10" being 
extremelyanxious. The rankings were translated into percentages with "10" being 
equivalent to scoring 100 percent anxious on the MARS-A. 
Task Analysis of Problems 
Guidelines for coding students' actual performance on all six problems were 
developed with marks assigned to the various components of knowledge necessary to 
solve the problem and an additional point given for the correct answer (see Appendix H) 
for guidelines). The problems were graded twice from zero to five applying the following 
criteria. The fust time, marks were assigned using the written work of the students 
without referring to the verbalizations, as a teacher might do on a test. Basically, full 
marks were given for the correct answer and part marks only for written evidence of an 
incomplete but correct solution of the problem. Another set of marks was given using the 
protocols and looking for any of the previously identified knowledge components in the 
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students' verbalizations. Together with the confidence ratings by students and teachers, 
the end result were four different sets of marks per student for each of the problems. First, 
the actual mark as a teacher might grade a test; second the mark that considers knowledge 
components the students have but may or may not use to solve the problem; third, their 
own estimate on how well they think they might do; and fourth, the teacher's estimate on 
how well they think their students will do. The two confidence ratings scores were 
transformed to a scale from "0" to"5" before a statistical analysis was performed on all 
four sets of marks. 
Text Analysis 
AlI audio taped verbal protocols were transcribed and identified only with the 
student's code number and the date oftesting. No information concerning mathematics 
anxiety or mathematics grade was inc1uded in order not to bias further analysis. Protocols 
were then segmented based on normal units of conversational pauses and each segment 
was numbered. Once segmentation was completed, segments were coded into 15 
categories belonging to either strategic or knowledge operations (adapted from Bracewell 
and Breuleux, 1994) and the total number of codes per category for each protocol was 
calculated (see Appendix 1 for a complete Protocol Manual). 
Table 1 provides an overview and summary of the co ding category abbreviations 
described in the following section with short definitions for each one. 
Categories: 
Strategic operations are defined as planning (goals) and evaluations of 
implementations of plans. Goals can be identified as future, intentional or potential. Since 
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goals by their definition are plans to be executed in the future and the task to be 
performed by students was short and done immediately, future tense goals were coded as 
either Goal - Intentional (GI) or Goal - Potential (GP). Separate codes were assigned to 
goals if they were relevant to the particular task to be performed at the moment, ie. Goal -
IntentionallTask Defined (GIITD) and Goal - PotentiallTask Defined (GP/TD). 
Evaluations refer to attributions of a quality, comparisons or observations of 
goals, procedures or mental states. Evaluations were coded as either Evaluations -
positive (EP), reflecting acceptance of goals or expressing positive emotions, or 
Evaluations - Negative (EN), reflecting rejection of goals or expressing negative 
emotions. As uncertainty appeared to play a big role in the problem solving process of the 
students, statements expressing doubts or uncertainty with respect to goals, procedures or 
mental states were coded separately as Evaluations - Uncertain (EU). 
Knowledge operations were coded as statements indicating retrieval of previously 
learned information from memory and differentiating between whether this knowledge 
pertained to the task to be performed or not, i.e. Prior Knowledge - Task appropriate 
(PKA) and Prior Knowledge - Task inappropriate (PKI). In order to gain a deeper 
understanding of students' problem solving processes, four categories were used to code 
statements indicating reasoning about a procedure or justifying strategies used or lack of 
knowledge. JustificationiReasoning - correct (lIRC) identified any accurate reflections on 
whether the solution or the procedure leading to the solution was logically possible. 
Incorrectly justifying, explaining or reasoning about goals, evaluations or descriptive 
statements or making statements that are correct but do not apply to the problem being 
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solved will be coded as JustificationlReasoning - incorrect (11RI). Statements in the form 
of goals, evaluations or descriptive statements thatjustify or explain one's ability or 
inability to solve the problem were coded as JustificationlReasoning - ability (AB), and 
any explanations and justification that extemalized students' inability to solve the 
problem were coded as JustificationlReasoning - excuses (EX). 
The last two categories used were Implementations - correct (IM/C) for 
statements describing procedures currently being carried out while going through the 
problem solving task without any goal setting or evaluations, and Implementations -
incorrect (IMII) for statements describing procedures carried out incorrectly. This code 
was also used for computations that are correct but are not necessary for the current 
problem being solved. 
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Table 1 
Coding Category Abbreviations 
PKA: Prior Knowledge-TaskAppropriate (Retrieving information from memory 
pertaining to the task to be performed.) 
PKI: Prior Knowledge-Task Inappropriate (Retrieving information from memory 
that is inappropriate or incorrect with respect to the task to be performed.) 
GlffD: Goal-Intentional/Task Defined (Basic units of a plan, characterized by 
intentionality and/or future, relevant to the task to be performed.) 
GI: Goal-Intentional (Basic units of a plan, characterized by intentionality and/or 
future; general and/or irrelevant to the task to be performed.) 
GPffD: Goal-PotentiallTask Defined (Basic units of a plan, characterized by potential 
action, relevant to the task to be performed.) 
GP: Goal-Potential (Basic units of a plan, characterized by potential action, general 
and/or irrelevant to the task to be performed.) 
J/RC: JustificationiReasoning-Correct (Statements explaining or justifying goals, 
evaluations, or descriptive statements appropriately or correctly.) 
JIRI: JustificationiReasoning-Incorrect (Statements explaining or justifying goals, 
evaluations, or descriptive statements inappropriately or incorrectly.) 
AB: JustificationiReasoning-Ability (Statements explaining or justifying goals, 
evaluations, or descriptive statements pertaining to one's ability to solve the 
problem.) 
EX: JustificationiReasoning-Excuses (Statements explaining or justifying goals, 
evaluations, or descriptive statements by means of external events, i.e. "1 was 
not in class when the teacher explained this.") 
EP: Evaluations-Positive (positive evaluations of goals or procedures.) 
EN: Evaluations-Negative (Negative evaluations of goals or procedures.) 
EU: Evaluations-Uncertain (Evaluations stated with a degree ofuncertainty.) 
IMlC: Implementations-Correct (Procedures carried out correctly in relation to the 
task.) 
IMII: Implementations-Incorrect (Procedures carried out incorrectly in relation to the 
task.) 
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Results 
The main purpose of this study was to investigate how high and low mathematics-
anxious students differed, particularly in their problem-solving processes. Problem-
solving verbal protocols were analysed and coded by identifying strategic and knowledge 
operations as weIl as statements indicative ofimplementing planned procedures. To gain 
a better understanding of how average high school students felt about mathematics, all 
students including those that ranked as "average" with respect to mathematics anxiety had 
been asked which school subject caused them the most stress and which subjects they 
considered to be their most and least favourite. 
Results are organized by first describing the sample and discussing the first two 
research questions. Analysis of the first four questions involved data gained from the final 
subset of students, consisting of twenty high mathematics-anxious and twenty low 
mathematics-anxious students. Both the se groups consisted of an equal number of males 
and females. 
Next the results for the third and fourth question will be presented, followed by 
results of the fifth and sixth question pertaining to the more general and descriptive 
questions about the average high school student. To answer the last two questions data 
collected from the initial sample of students that agreed to participate in the study were 
included as weil. The additional participants were those students who ranked between the 
25th and 75th percentile on the mathematics anxiety measure, and therefore did not fall 
into either the high or low mathematics-anxious groups. 
Description of Sample 
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Descriptive statistics are presented for aIl 105 participants by gender, because, as 
mentioned in the literature review, results from several earlier studies reported gender 
differences in mathematics anxiety. Final mathematics course grades decreased with each 
year from grade 6 to 9 byabout 12 marks. While teachers perceived their female students 
to have higher levels of mathematics anxiety, for this particular sample of 54 females and 
51 males, no gender differences in mathematics anxiety were found (Table 2). There was 
no correlation between teachers' perceived level of mathematics anxiety of their students 
and the students' actual mathematics anxiety scores. 
Table 2 
Descriptive Statistics for Subset of 40 Participants by Gender 
Female Male 
Standard Standard 
Variable n Mean deviation n Mean deviation 
Age 54 14.352 0.677 51 14.725 0.723 
State Anxiety (%) 54 83.963 16.648 51 77.294 25.649 
Trait Anxiety (%) 54 53.500 25.282 51 47.431 22.659 
(MARS) Mathematics Anxiety (%) 54 48.963 26.314 51 49.137 30.791 
Teachers' Estimate of MARS (%) 54 43.333 25.477 50 32.000 23.647 
Grade 6 Final Mark 50 82.488 3.896 43 80.872 5.822 
Grade 7 Final Mark 52 78.260 9.862 46 73.957 13.037 
Grade 8 Final Mark 53 71.623 12.552 48 72.417 14.805 
Grade 9 Final Mark 53 70.434 12.116 49 69.367 17.651 
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Statistical Design and Analysis for Research Questions #1 and #2 
• Do highly mathematics-anxious students differ from students not anxious differ 
from students not anxious about mathematics in their awareness of their lack of 
mathematical knowledge? 
• Do highly mathematics-anxious students rely more often on rule memorization 
than students who are not anxious about mathematics? 
As stated in the method section earlier, fifteen coding categories were developed 
to de scribe students' verbal statements as they solved problems. These included two 
codes for statements indicating prior knowledge, four codes for goal statements, four 
types of justifications, three types of evaluations and two implementation codes. In sorne 
cases, a particular statement may have been double coded, such as a justification that may 
also suggest evidence of prior knowledge. 
Four complete protocols (386 coded segments out of a total of2055), one from 
each group (malelhigh-anxious, femalelhigh-anxious, malellow-anxious, and femalellow-
anxious), were given to a gradua te student colleague knowledgeable on verbal protocol 
analysis to assess inter-rater reliability of the coding scheme. The overall reliability index 
was 93.6%. 
After a frequency count of all categories for both high and low mathematics-
anxious groups (see Appendix J for raw data table), 1 collapsed sorne of the variables that 
either had very low frequencies or did not differentiate the groups. For instance, the 
original four categories for goals consisted of Goals-PotentiallTask Defined (GP/TD), 
Goals-Intentional/Task Defmed (GIITD), Goals-Potential (GP) and Goals-Intentional 
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(GI). Since the pattern appeared to be the same for task defined and general goals, no 
distinction was made between potential and intentional goal statements, thus creating two 
new categories, namely Goalsrrask Defined (G/TD) and Goals (GO). In addition, the 
justifications statements with respect to one's ability (AB) and those using external events 
as justifications (EX) were coHapsed due to their low frequencies and because they did 
not seem to add any additional information. The new category created was called 
JustificationIReasoning-Neutral (J/RN). 
To gain insight into students' awareness oftheir mathematical knowledge and 
their reliance on rule memorization, the remaining twelve variables were divided into two 
sets, namely those that would indicate "mathematical awareness" of the student and those 
types of statements that could be considered as neutral, fairly general, or more or less 
"oblivious" with respect to students' mathematical knowledge. The decision to run 
separate analyses for both sets was made because indiscriminately including aH dependent 
variables in a single analysis could possibly have obscured real differences on the more 
pertinent variables due to rather small or insignificant differences on the more general 
variables (see discussion in Stevens, 2002, p. 245). 
The resulting "Awareness Set" used for the final statistical analysis contained the 
following six variables: Prior Appropriate Knowledge (pKA), Task Defined Goals 
(GTD), Correct Justification and Reasoning Statements (JRC), Negative Evaluations 
(EN), Uncertain Evaluations (EU), and Correct Implementation Statements (IMC). The 
remaining variables were grouped under the "Oblivious Set" and consisted of: Prior 
Inappropriate Knowledge (PKI), General Goals (GO), Incorrect Justification and 
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Reasoning Statements (JRI), Neutral Justifications (JRN), Positive Evaluations (EP), and 
Incorrect Implementations (IMI). Although it may at fust seem counterintuitive to have 
included Positive Evaluations in this latter set of variables, it is argued here that many 
positive evaluations reflect an unwarranted confidence on the part of the students in their 
ability to solve mathematical problems. For instance, many students thought that any 
knowledge of a mIe or part thereof was sufficient to lead to the correct solution. 
A two-way multivariate analysis of variance was carried out for both sets of 
variables. The factors were gender (GENDER) and mathematics anxiety level, either high 
or low (MATHANX). The dependent variables for the "Awareness" set were the six 
codes: Prior Appropriate Knowledge (pKA), Task Defined Goals (TDG), Correct 
Justifications (JRC), Negative Evaluations (EN), Uncertain Evaluations (EU), and 
Correct Implementations (IMC). For the "Oblivious" set the independent variables used 
were Inappropriate Prior Knowledge (PKI), General Goals (GO), Incorrect Justifications 
(JRI), Neutral Justifications (JRN), Positive Evaluations (EP), and Incorrect 
Implementations (IMI) (see Appendix K for means used in these analyses and Appendix 
L for the analyses). 
No main effects for gender, anxiety or an interaction effect for gender by anxiety, 
nor any univariate effects for the six variables inc1uded in the "Oblivious" set were found. 
The multivariate analysis of variance for the "Awareness" set revealed significant 
main effects for gender and for mathematics anxiety, as well as a significant interaction 
effect between mathematics anxiety and gender (Table 3). 
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Table 3 
MANOVA Analysis for the "Awareness" Set - Multivariate, N = 40 
Source F df p 
Mathematics Anxiety 2.867 6,31 0.024* 
Gender 2.595 6,31 0.037* 
Gender x Mathematics Anxiety 3.452 6,31 0.010** 
** p < .01 *p < .05 
As can be seen below in the univariate analyses, different variables contributed to 
the multivariate main effects and to the multivariate interaction effect. Thus the main 
effects can be interpreted independently of the interaction effect (Table 4). 
Table 4 
MANOVA Analysisfor the "Awareness" Set - Univariate, N=40 
Source F df p 
Prior Knowledge-Appropriate (P KA) 
Mathematics Anxiety 5.53 1 0.024* 
Gender 6.27 1 0.017* 
Mathematics Anxiety x Gender 0.28 1 0.599 
Task Defined Goals (l'DG) 
Mathematics Anxiety 8.98 1 0.005** 
Gender 0.28 1 0.607 
Mathematics Anxiety x Gender 0.84 1 0.364 
( continued) 
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Table 4 (continued) 
Source F df p 
Justification/Reasoning-Correct (JRC) 
Mathematics Anxiety 10.37 1 0.003** 
Gender 0.21 1 0.648 
Mathematics Anxiety x Gender 1.43 1 0.239 
Evaluations-Negative (EN) 
Mathematics Anxiety 3.29 1 0.078 
Gender 2.83 1 0.101 
Mathematics Anxiety x Gender 5.95 1 0.020* 
Evaluations-Uncertain (EU) 
Mathematics Anxiety 0.17 1 0.686 
Gender 1.77 1 0.192 
Mathematics Anxiety x Gender 0.12 1 0.726 
Implementations-Correct (IMC) 
Mathematics Anxiety 8.33 1 0.007** 
Gender 0.02 1 0.883 
Mathematics Anxiety x Gender 0.00 1 0.976 
** p < .01 *p < .05 
In general, high mathematics-anxious students had a higher number of relevant 
(coded) verbalizations. 
For four out of the six variables used in this analysis this difference was 
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significant, with effect sizes ranging from moderatelhigh to high: Appropriate Prior 
Knowledge (pKA), d = 0.75, Task De:fined Goals (mG), d = 0.95, Correct Justifications 
(JRC), d = 1.02, and Correct Implementations (IMC), d = 0.91. Evidence for a greater 
awareness of lack of mathematical knowledge on the part of these students may be the 
fact that they justified their problem solving steps with significantly more correct 
reasoning statements (JRC) and set significantly more goals that are specifie to the task at 
hand(TDG). 
With respect to their reliance on rule memorization, high mathematics-anxious 
students retrieved significantly more appropriate prior knowledge (pKA) and more often 
used this knowledge to make correct implementations (Figure 1). 
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Figure 1. Frequency Count for "Awareness" Variables for High and Low Mathematics-
anxious Students. 
Although there were no differences found between boys and girls in mathematics 
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anxiety, gender differences were found in this study in the type of thinking that occurs 
when students solve mathematical problems. Girls retrieved appropriate prior knowledge 
significantly more often (d = 0.79), and the general pattern showed that girls had a higher 
incidence of coded verbalizations on most variables except on making correct 
justifications and on the number of times they implement procedures correctly (Figure 2). 
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Figure 2. Frequency Count for "Awareness" Variables by Gender. 
o MALE 
El FEMA.LE 
Irrplementalions-
Correct 
The statements that contributed to the significant interaction between mathematics 
anxiety and gender were negative evaluations (d = 1.54). High-anxious girls evaluated 
themselves more often negatively compared to low-anxious girls, whereas boys did not 
show fuis difference (Figure 3). 
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Figure 3. Frequency Count for "Awareness" Variables by Gender and by Mathematics 
Anxiety Level. 
Statistical Analysis for Research Questions #3 and #4 
• Will highly mathematics-anxious students predict their performance on specifie 
mathematical problems better than students who are not anxious about 
mathematics? 
• How well are teachers able to predict their students' performance on specifie 
mathematical problems? 
A four-factor analysis of variance with two repeated measures (4 x 6) was 
performed to analyse whether differences existed between the students on how they 
ranked their performance on the different problems and to compare their estimates with 
their teachers' predictions and their actual marks. The main factors were Gender 
(GENDER) and Anxiety level, high and low, (APERC$) and the within factors (repeated 
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measures) were the problem number (PROBNO) and the marks for each problem 
(MARKS). The dependent variables consisted of four measures for six problems, ranking 
students from "0" to "5." These measures were the students' estimate how well they 
might do on each problem after reading it (STUD), the teachers' estÏmate on how well the 
student might do on each problem (TEACH), the actual mark assigned taking into 
consideration any evidence for knowledge apparent in the verbal protocol as weIl as the 
students' written work (ACT), and a mark assigned after examining oruy the written work 
from the student (MARK) (see Appendix M for means used in this analysis and Appendix 
N for the analysis). 
Table 5 shows that none of the main factors were significant; however, the within 
subject analysis revealed significant interaction effects, with four of the twelve repeated 
measures analyses significant. 
Table 5 
MANOVA Repeated Measures Analysis for Estimates and Actual Marks, N=40 
Source df F p 
Between subjects 
Gender 1 0.731 0.398 
Mathematics Anxiety 1 0.843 0.365 
Gender'x Mathematics Anxiety 1 0.190 0.666 
Error 36 (13.243) 
( continued) 
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Table 5 (continued) 
Source dl F 
Within subjects 
Problem Number 5 14.684 
Problem Number x Gender 5 0.863 
Problem Number x Mathematics Anxiety 5 0.894 
Problem Number x Gender x Mathematics Anxiety 5 0.483 
Error 180 (2.907) 
Marks 3 29.117 
Marks x Gender 3 1.477 
Marks x Mathematics Anxiety 3 3.417 
Marks x Gender x Mathematics Anxiety 3 1.895 
Error 108 (2.525) 
Problem Number x Marks 15 8.855 
Problem Number x Marks x Gender 15 1.678 
Problem Number x Marks x Mathematics Anxiety 15 0.553 
Problem Number x Marks x Gender x Mathematics 
Anxiety 15 0.848 
Error 540 (1.327) 
Note: Values enc10sed in parentheses represent mean square errors. 
*p < .05. ***p < .001. 
p 
0.001 *** 
0.495 
0.487 
0.789 
0.001 *** 
0.225 
0.020* 
0.135 
0.001 *** 
0.051 
0.910 
0.623 
The tirst repeated measures factor, PROBNO (six problems), was signiticant 
[F(5,180) = 14.684,p < 0.001]. This merely indicates that when confidence estimates and 
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actual scores were averaged for each problem, there were significant difference between 
the different types ofproblems (Figure 4). For instance, the first problem which dealt with 
fractions, a concept that gives many students difficulties, averaged the lowest score, 
suggesting little confidence by students and teachers and little mathematical knowledge 
(see Table 6 for effect sizes). 
Problem 1 Problem 2 Problem 3 Problem 4 Problem 5 Problem 6 
Figure 4. Average of Teachers' Estimates, Students' Estimates, Actual Marks including 
Verbalizations, and Marks for Written Work Only by Problem Number. 
Table 6 
Effect Sizes for Differences between Mathematical Problems 
Effect Size (d) 
Pl P2 P3 P4 P5 P6 
Pl 0.40 0.88 0.34 0.38 0.68 
P2 0.40 0.48 n.s. n.s. 0.28 
P3 0.88 0.48 0.54 0.51 n.s. 
P4 0.34 n.s. 0.54 n.s. 0.34 
P5 0.38 n.s. 0.51 n.s. 0.31 
P6 0.68 0.28 n.s. 0.34 0.31 
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Significant differences were also found for confidence ratings by both teachers 
and students and actual performance scores, with and without inc1uding indications of 
knowledge through verbalizations. Repeated measures factor MARKS (four scores) was 
significant [F(3,108 = 29.117,p < .001]. To assess pairwise differences among the four 
ratings, Tukey's honestly significant difference (HSD) tests (p < .05) were performed. 
Results indicated that Teachers' Estimates (M = 3.142) differed significantly both from 
Students' Estimates (M= 2.123) and from Marks for Written Work Only (M= 1.938). 
Student's Estimates (M= 2.123) were significantly different from Actual Marks inc1uding 
Verbalization (M = 2.723); and the Actual Marks inc1uding Verbalizations (M = 2.723) 
differed significantly from Marks for Written Work Only (M= 1.938). Effect sizes (d) 
ranged from small/moderate to moderate/high (see Table 7 for effect sizes). 
Table 7 
Effect Sizes for Differences between Confidence Ratings and Marks 
Effect Size (d) 
Teachers Students Act. Marks incl.Verbal. Marks/Written Work 
Teachers 0.65 n.s. 0.76 
Students 0.65 0.38 n.s. 
Act Marks incl. 
Verbal. n.s. n.s. 0.49 
MarkslWritten 
Work 0.76 0.65 n.s. 
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In particular, it is interesting to see that teachers were much more confident that 
their students would be able to solve the problems than the students themselves. Teachers 
also overestimated the marks students would get based on their written performance. 
Students ranked themselves lower than actual performance that considered verbalization 
of knowledge statements, but came close to the mark that only took into account their 
written work. Verbal protocols revealed significantly more knowledge by the students 
than the evaluation oftheir performance on their written work alone (Figure 5). 
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Figure 5. Teachers' Estimates, Students' Estimates, Actual Marks including 
Verbalizations, and Marks for Written Work Only, averaged across Problems. 
The interaction between MARKS and one of the main factors, anxiety level 
(APERC2$) was significant [F(3,108) = 3.417,p < .02). Results of Tukey's honestly 
significant difference (HSD) tests (p < .05) showed no differences on aIl four ratings 
between high-anxious and low-anxious groups. For both, high- -and low-anxious groups 
there were significant differences between Teachers Estimates (High-anxious: M = 3.075, 
Low-anxious: M= 3.208) and Students' Estimates (High-anxious: M= 2.077, Low-
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anxious: M= 2.168), between Teachers' Estimates and Marks for Written Work Dnly 
(High-anxious: M = 2.217; Low-anxious: M = 1.658), and between Actual Marks 
including Verbalizations (High-anxious: M = 2.98, Low-anxious: M = 2.459) and Marks 
for Written Work Dnly (High-anxious: M = 2.217, Low-anxious: M = 1.658). Significant 
differences between the two groups were found when comparing highly mathematics-
anxious students' estimates (M = 2.077) with their Actual Marks including Verbalizations 
(M= 2.988), and in the comparison ofteachers' estimates (M= 3.208) oflow 
mathematics-anxious students with their Actual Marks including Verbalizations (M = 
2.459). Effect sizes (d) ranged from moderate to high (Table 8). 
Table 8 
Effect Sizes for Interaction between Estimates/Marks and Mathematics Anxiety 
TeachIHi 
Teach/Lo 
Stud/Hi 
Stud/Lo 
ActIHi 
Act/Lo 
MarkIHi 
MarkILo 
Effect Size (d) 
TeachIHi Teach/Lo Stud/Hi Stud/Lo ActIHi Act/Lo MarkIHi MarkILo 
n.s. 
0.63 
0.57 
n.s. 
n.s. 
0.54 
0.89 
n.s. 
0.71 
0.65 
n.s. 
0.47 
0.62 
0.97 
0.63 0.57 
0.71 0.65 
n.s. 
n.s. 
0.57 0.52 
n.s. n.s. 
n.s. n.s. 
n.s. n.s. 
n.s. n.s. 0.54 0.89 
n.s. 0.47 0.62 0.97 
0.57 n.s. n.s. n.s. 
0.52 n.s. n.s. n.s. 
n.s. 0.48 0.84 
n.s. n.s. 0.50 
0.48 n.s. n.s. 
0.84 0.50 n.s. 
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There are little differences in how teachers rank their students and students rank 
themselves when comparing high and low anxiety groups but, as seen in Figure 5, 
teachers have significantly more confidence in students' ability to solve mathematical 
problems than the students themselves. Again, both groups showed more mathematical 
knowledge while verbalizing than evidenced by marks they might have received for their 
written work alone. Teachers were more accurate in estimating the knowledge high 
mathematics-anxious students exhibited during verbal protocols, but overestimated actual 
knowledge (based on their verbalizations) of low mathematics-anxious students. Both 
groups of students were to be fairly accurate in predicting the marks they would have 
received for their written work, but with respect to their actual mathematica1 knowledge 
as evidenced in their verbalizations, highly mathematics-anxious students were feeling 
significantly less confident about what they know while those with low mathematics 
anxiety appeared to include this knowledge when they ranked their possible performance 
on a test of mathematical problems (Figure 6). 
This lack of confidence may be another indication that high-anxious students are 
more aware of the lack of mathematical knowledge needed to solve a problem, despite 
doing better than those with low mathematics anxiety. 
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Figure 6. Teachers' Estimates, Students' Estimates, Actual Marks including 
Verbalizations, and Marks for Written Work Only, averaged across all six Problems, by 
Anxiety Level. 
The fourth significant interaction was found between the type of problem 
(PROBNO) and the estimated and actual scores (MARKS) [F(15,540) = 8.855,p < 
0.001]. While the first four problems which were traditional mathematics problems taken 
from old exams revealed substantially the same pattern as the significant effect for 
MARKS alone (see Figure 5), for the last two non-traditional problems teachers were less 
confident oftheir students' ability to perform and actual marks when considering 
verbalizations indicated more knowledge than either students' or teachers' estimates 
(Figure 7). Teachers may feel more secure about the material that they have taught 
students themselves while students are not necessarily able to differentiate between 
material they have covered and a novel type of mathematical problem. From comments 
made by sorne students, it would appear that they had either encountered similar problems 
in class or that they believed they should remember any problem presented to them and 
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felt they had either forgotten or were absent when some material was taught. 
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Figure 7. Teachers' Estimates, Students' Estimates, Actual Marks inc1uding 
Verbalization, and Marks for Written Work Only, by Problem Number. 
A visual examination of the results seemed to indicate that the interaction effect 
between estimates and actual marks and the problem number may have been due to the 
two types of problems that were solved, namely the four traditional problems (Problem 1 
to 4) and the two non-traditional problems (Problem 5 and 6). Separate analyses were run 
for both sets of problems and revealed similar significant effects for both sets between the 
kind of mathematical problem and the estima tes and marks with the exception of the 
interaction effect between an average of estimates and marks and mathematics anxiety 
which was found when all six problems were analysed together. The pattern for three of 
the four traditional problems was the same, that is, teachers' estimates of students' 
performance were the highest, marks that considered verbalizations were next, followed 
by students' estimates, while marks for only written work were the lowest. The second 
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problem differs only in that the students' estimates were slightly higher than marks that 
considered information from verbal protocols. The non-traditional problems showed a 
different pattern than the traditional ones. For these two problems, students showed more 
knowledge when their verbalizations were taken into account and students' estimates had 
the lowest average. Teachers' estimates were fairly similar to marks that were given 
based on written work only. This may be due to the fact that teachers feelless confident 
about their students' performance for material they have not covered in class, while 
students do not seem to distinguish between familiar and unfamiliar problems as far as 
their estimated performance is concerned. 
Results for Question #5 
• Where does mathematics as a subject rank with students in popularity and what 
are the subjects they like and dislike most? 
To get a better picture ofhow students rank mathematics in popularity and find 
out about their favourite and least favourite subjects, data were collected from the initial 
saniple (N = 105) on the school topic that causes the most stress in a test situation as well 
as students' most and least favourite subject. In addition, those students who did not 
chose mathematics as their most or least favourite subject were asked to write how they 
felt about it in a few words. 
The subject for which writing a test would cause the most anxiety was 
mathematics (35%), followed by geography (30%) and then French (21 %). Almost all 
students who experienced more stress from the idea of a geography test came from the 
same school. 
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The most favourite subject for students was physical education (33%). The most 
often mentioned comments from both boys and girls were that they are good at it, it is an 
easy course, theyare good athletes and they do weIl in the subject. Just under half of the 
students also mentioned that they love/like/enjoy sports and it is fun. About one third 
liked that there is no homework, no studying, no thinking and no stress. Qnly four 
students wrote that they liked their teacher when asked why they feel this way. 
The second favourite subject was English (17%). Two thirds of the students wrote 
that it was because they could write weIl and/or liked to write, the subject was an easy 
one and they did weIl in it. About a third of them also mentioned that their English class 
allowed them to express their feelings and emotions. Five out of 18 students made 
positive comments about their teacher and the way it was taught and three felt the subject 
was fun. 
Music was the third most liked subject (14%). Most of the students (80%) who 
picked music as their favourite subject said they played well, got good marks, or had 
musical talents. Half ofthem mentioned that the class was fun, the teacher was nice or 
that they liked the teacher they had. About two thirds loved or enjoyed music or their 
music classes. 
The least favourite subject was geography (31 %). Just over half the students who 
disliked geography found it boring and had no interest in the topies. AImost as many 
thought the course was too hard, they could not or did not do weIl in it, and they found 
they did not understand it. More than a third complained about too much work, too many 
facts to memorize and too much studying necessary. About a third did not like the teacher 
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or the way the c1ass was taught, and a quarter of the students thought it was not necessary 
knowledge for their future lives or that they would not need this information ever. Five of 
the 32 students thought their dislike stemmed from the fact that the course was taught in 
French. 
Mathematics was chosen by 26% of the students as their least favourite subject. 
The main reason given by aImost 90% of students was that it was too difficult a subject, 
confusing, and difficult to understand. Almost a third of the students did not like their 
mathematics teacher or found that the teacher did not teach weIl or did not explain weIL 
Some of the students (under 20%) thought the subject was boring, a waste oftheir time 
and not needed in life. More than a third, though, reacted with more emotional 
statements, such as hating mathematics, math tests or numbers, and that they were quite 
nervous or scared before tests. Only two of the 27 students complained about too much 
studying or homework. 
The third least favourite subject was French (22%). Less than two thirds of the 
students felt that it was a difficult subject and they did not do weU, About one third did 
not like the teacher or how the course was taught and thought that there were too many 
roles, verbs and tenses to memorize. Three of the students also felt disadvantaged because 
they had come from outside the Province of Quebec and had less previous exposure to the 
language and three of them found the subject boring (Table 9). 
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Table 9 
Frequencies ofStudents' Lilœs and Dislilœs ofSchool Subjects 
Subject 
Biology English French History Art Drama Geography Math. Music Phys.Ed. Other 
Most Liked 
(n = 105) 1 18 2 3 9 8 4 7 15 35 3 
LeastLiked 
(n= 104) 3 6 23 1 0 32 27 5 5 
Most 
Stressful 4 3 22 4 0 0 32 37 0 0 3 
(n = 105) 
From the sample of 105 participants, 27 chose mathematics as their least favourite 
subject and seven students picked it as their most favourite. Four students did not respond 
to the last question about how they felt about mathematics had they not chosen it as their 
most or least favourite subject. The remaining 67 students' comments were ranked as 
positive, negative, or neutral. There were 20 neutral, 22 positive, and 25 negative 
comments made about mathematics. This means that out of the 101 participants that 
answered aU three questions, a total of 52 had something negative to say about their 
mathematics class, while there were 29 positive answers and 22 that were neutral in 
content. 
Statistical Analysis for Question #6 
• Will students with high mathematics anxiety avoid taking more mathematics 
courses? 
An 57 students who fit the criteria for either high or low mathematics anxiety 
Cognition and Mathematics Anxiety 97 
were asked how they felt about voluntarily taking more mathematics courses in the future. 
Almost half, 47% of the students gave a conditional answer, such as needing mathematics 
to get into their selected programmes at college and university or stressing the importance 
ofmathematics to get ajob and earn sufficient money. For example, one student 
responded with: "Ahem, ... weIl, for more math classes in the future? 1 am not really 
looking forward to it, but 1 guess ifthat's what it takes to get into college, then 1'11 take 
it." (#26, male) Another student commented: "1 feel frustrated. 1 don't want to take any 
more math, but 1 can't do anything without having math, so l'm probably going to have 
to, no matter what." (#29, female) This is in agreement with research that shows that once 
out of high school, many young people avoid taking additional mathematics courses 
whenever possible. Differences between high and low mathematics-anxious students 
emerged when a chi-square analysis was run (see Appendix 0 for analysis). More high-
anxious students gave a conditional answer (n = 19,65.5%) than those students who had 
low mathematics anxiety (n = 8, 28.6%), X2 (2, N = 57) = 7.859, p = .020 (Figure 8). This 
may be an indication that highly mathematics-anxious students are aware of their lack of 
knowledge and worry about maintaining adequate performance in future mathematics 
courses but recognise the importance of mathematics education for their future success. 
No overall gender differences were found in the responses students made, but 
males more often said they would voluntarily take more mathematics courses without 
qualifying their answer. Because males may still typically oriented toward future work 
requirements, they may respond with a positive answer given the perceived importance of 
mathematics skills in such work. 
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Figure 8. Students' Response to their Willingness to Take Additional Mathematics 
Courses by Mathematics Anxiety Leve!. 
The majority of students giving a conditional response had final grade 9 
mathematics grades in the lower (60-69%) and middle (70-79%) range. A chi-square 
analysis showed significant differences, X2 (6, N= 57) = 13.648,p = .034 (Figure 9). It 
appears that the students at risk for not continuing their mathematics education are those 
whose grades are sufficient but who might also fall into the highly mathematics-anxious 
category. AlI ofthose students achieving in the over 80% range were thinking of taking 
additional mathematics courses in the future (see Appendix 0 for analyses). 
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Discussion 
The present study represented an attempt to differentiate the problem solving 
strategies used by the highly mathematics-anxious student and one not suffering from 
mathematics anxiety, particularly with respect to their awareness oftheir mathematical 
knowledge. A further goal was to compare students' and teachers' predictions of 
students' performance on specifie mathematical problems. Perfqrmance was evaluated on 
students' written work only, and a combination oftheir written work and their 
verbalizations. In addition, data collected from all students provided information on 
students' likes and dislikes with regard to school subjects, especially mathematics, as well 
as the subject that caused them the most stress. 
Results will be discussed in terms of the research questions and findings will be 
integrated with relevant CUITent literature. The fust two questions and the third and fourth 
question will be discussed together. For questions 1 and 2, the reliance on mIe 
memorization can also be seen as a necessary strategy for students who are aware that 
mIes alone will not be enough for mathematical competence, and for the next two 
questions the differences that emerged between students' and teachers' confidence 
rankings make it difficult to separately discuss results for both questions. Gender 
differences, while not the main focus of this study will be discussed where they occur as 
each question is analysed. The discussion will conclude with general findings that May 
help create a profile of a typical mathematics-anxious student, limitations ofthis study, 
and ideas for future research. 
Mathematics Knowledge and Awareness 
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• Do highly mathematics-anxious students differ from students not anxious about 
mathematics in their awareness oftheir lack ofmathematical knowledge? 
• Do highly mathematics-anxious students rely more often on mIe memorization 
than students who are not anxious about mathematics? 
One of the most obvious findings that emerged after a frequency count of the 
variables that were assumed to indicate a greater or lesser awareness of mathematical 
knowledge and a greater reliance on mIe memorization was that highly mathematics-
anxious students made more coded statements for all variables. Differences between the 
two groups were statisticaIly significant for four out of the six variables. High 
mathematics-anxious students' greater awareness of the extent of their mathematical 
knowledge is evidenced by their attempting more justifications of the steps they have 
taken as weIl as the greater number of goals being set, which may indicate awareness of 
not being sure which goals willlead to the correct solution. Highly anxious students 
appear to be more eager to apply different rules, as they set more goals that focus on the 
task at hand and draw more often on prior knowledge that is appropriate for the problem 
to be solved. While this may appear to be only an indication of greater reliance on 
memorizing facts and mIes, it does also show that they are more careful in choosing to 
apply those rules that are related to the problem they are trying to solve, and that they feel 
less secure in their role as "routine expert." This finding would be in agreement with 
researchers who believe an emphasis on memorizing mIe application and formulas can 
create mathematics anxiety in students (Dodd, 1992; Greenwood, 1984). Such might not 
necessarily be the case for those problem solvers who believe the rules they use will work 
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in producing the correct answer. Despite the fact that highly anxious students retrieved 
more appropriate prior knowledge and were able to correctly implement these rules, they 
were not better at obtaining the correct solution to the problem. Judging by their tendency 
to evaluate themse1ves and their work negatively, they appeared quite aware oftheÏr lack 
of mathematical knowledge. 
The problem-solving process of the mathematics-anxious students seems to be a 
search for a number of pertinent concepts related to the problem to be solved. They 
appear to be aware of needing to draw on more prior knowledge, but are still not quite 
sure ofhow to use this knowledge to arrive at the correct solution. This is in contrast with 
the non-anxious student who often stops searching for more information after 
remembering one single fact or role, in the hope this will be enough to lead to a correct 
answer. This type ofthinking may lead to an unjustified confidence in one's ability to 
solve a problem and a false sense of security in having arrived at the correct solution to a 
problem. Obviously, non-anxious students who have sufficient knowledge of the correct 
rules to use will also show a shorter solution path. 
My own experience as a mathematics tutor ofhigh school students has shown me 
that sorne students will be quite reluctant to try to understand a concept but believe that 
they are experts at solving a very specifie type of problem for which they have memorized 
a formula without sorne other mathematical knowledge required to find a solution. For 
example, one of my grade nine students believes he can solve any problem dealing with 
the Pythagorean Theorem, even recognizing that it is important to determine the 
hypotenuse of the triangle, but has great difficulties solving even the simplest of algebraic 
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equations. There seems to be a belief by sorne students that aIl mathematical concepts can 
be learned in isolation, consistent with research on students' beliefs about mathematics 
(see review by Muis, 2004). If, however, students recognise that these concepts are 
connected and need to be understood in context, then they are likely to feel anxious when 
they are unable to make these connections. 
The mathematics-anxious students in this study appeared to engage in what 
Hatano (1988) referred to as "enduring comprehension activity" in as much as they search 
for additional information, retrieve prior knowledge, generate new inferences and 
examine the compatibility ofthese inferences. From their behaviour one may infer that 
they do recognise the importance and possibility of understanding, something Hatano 
theorized to be necessary for enduring comprehension activity to occur, but have not 
learned how to organize their mathematical knowledge into a coherent framework. Highly 
mathematics-anxious college students reduced their anxiety when they were taught with a 
more structured instrumental approach rather than a less structured relational approach 
(Norwood, 1994). The more structure students are given, the better they will be able to 
use routine expert problem solving behaviour. However, this may not be the best way to 
become better mathematicians since it does not include the need to look outside of the 
mere facts students have memorized in order solve novel problems. 
The problem-solving behaviour ofhighly mathematics-anxious students in this 
study may also be explained in terms of the different types of achievement goals that 
children adopt. A large body of existing research has examined how the se achievement 
goals will influence the motivation as weIl as the behaviour of children during tasks that 
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are somewhat challenging (Dweck & Elliot, 1983, Dweck & Leggett, 1988; Elliot, 
Mc Gregor, & Gable, 1999). Children with learning goals stress understanding the answer, 
whereas children with performance goals focus on evaluation and on getting the right 
answer. The behaviour of students with learning goals shows challenge seeking and 
persistence; children with performance goals may exhibit lack of persistence or even 
avoidance. It may just be that highly mathematics-anxious students are those that have 
adopted learning goals, their persistence made evident by the greater number of goals they 
set while those who are not anxious are performance oriented and believe that 
memorizing rules will be sufficient for success in mathematics. It might be interesting to 
examine if adopting learning goals could make students more prone to developing 
mathematics anxiety. 
Students with performance goals might be those who are attempting to become 
what Hatano (1988) describes as "routine experts," applying learned procedures to 
problems routinely encountered in class. Unfortunately, many of the students in this study 
were not proficient enough in their mathematical knowledge to function weIl as routine 
experts by using the correct procedure at the right time. This may indicate a danger of 
becoming a "routine" expert before having developed a sufficient knowledge base. 
Results by Pintrich (2000) showed that performance goals can also have adaptive 
outcomes if coupled with mastery (learning) goals. but non-anxious students in this study 
may not have seen the need for adopting learning goals at all. Nor were those students 
with mathematics anxiety and possibly learning goals benefiting from their attempt at 
flexibility or adaptiveness in this study but they did seem to be more persistent in their 
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search for all possible procedures in an effort to find the right ones leading to a solution 
of the problem. 
For this particular sample, girls retrieved task appropriate prior knowledge 
significantly more often than boys. With the exception of correct justifications and 
correctly implementing procedures, females had a higher incidence of coded 
verbalizations in general. This could be due to the fact that girls are often assumed to be 
more verbal or to be more persistent (i.e., setting more goals, searching for more 
information). This is in agreement with research done with sixth-grade students where 
girls showed higher persistence than boys in applied problem solving, but not in 
computation (Vermeer, Boekaerts, & Seegers, 2000). Another possibility may be that 
girls were more comfortable thinking out loud in front of a same-sex researcher. 
High mathematics-anxious girls also more often evaluated themselves negatively 
than females with low anxiety, while high mathematics-anxious boys made slightly less 
negative evaluations than low mathematics-anxious boys. The interaction between 
mathematics anxiety and gender was statistically significant but not the difference 
between the genders. This is consistent with the results found in a meta-analysis by Hyde 
et al. (1990) who found that while the effect sizes for gender differences were small, 
females consistently held more negative attitudes towards mathematics. Sorne research 
has shown that females are more emotionally expressive than males (Blier & Blier-
Wilson, 1989); and the statements coded as negative evaluations were not only about the 
work students did but also about themselves, their ability, and their feelings. High-
anxious girls may be more likely to express negative feelings when encountering problem 
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solving difficulties. These negative evaluations by girls were not related to the confidence 
rankings of how weIl they thought they would do on the individual problems, as no 
gender differences were found. This is not in agreement with research done by Vermeer et 
al. (2000) who found sixth-grade girls rating themselves lower than boys on confidence in 
applied problem-solving. The results of their study were based on several confidence 
ratings throughout the problem-solving session, rather than the single rating used in the 
current study, making a comparison between the findings problematic. Girls might 
become less confident of their ability throughout the problem-solving process, resulting 
in the higher incidence ofnegative evaluations in Vermeer et al.'s study. 
Predicted Performance 
• Will highly mathematics students predict their performance on specific 
mathematical problems better than students who are not anxious about 
mathematics? 
• How weIl are teachers able to predict their students' performance on specific 
mathematical problems? 
Highly mathematics-anxious students were no different in their judgement about 
how weIl they would perform on each of the problems from students with low 
mathematics anxiety. However, some interesting findings were observed with respect to 
confidence ratings and performance. High-anxious students were more likely to 
underestimate their knowledge than those with low mathematics anxiety, possibly 
because they are aware that their knowledge is not always sufficient to be successful in 
mathematics. Teachers had significantly more confidence in their students with low 
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mathematics anxiety than the students themselves, indicating that they may perceive their 
low-anxious students as having more confidence and thus also having higher levels of 
competence. 8tudents in general ranked themselves significantly lower than their 
teachers' prediction, but seemed to be better than their teachers at estimating the probable 
mark they would receive, based on their written work. Teachers were much more likely to 
overestimate the marks students would receive for their written work. If one considers, 
though, knowledge that is evident from students' verbalizations, teachers had a better idea 
ofhow much knowledge students really had. Teachers' rankings were much closer to 
marks received taking these verbalizations into account. 80 the plea often made by 
teachers to their students to show more of their work would probably be quite beneficial 
to students' marks. These results differed from those in the study by Carpenter et al. 
(1988) in which teachers' predictions of their own students' ability to solve problems was 
significantly correlated with students' achievements on tests. One of the reasons may 
have been that the students in their study were fust-graders and the problems were 
addition and subtraction word problems, dealing with one operation at a time. There 
would be rnuch less of the work students did shown on the papers handed in for grading. 
The problems students solved in the present study were more complex and required a 
number of different operations to be solved. This might be an indication that teachers had 
an idea of sorne of the mathematical knowledge their students have. However, they might 
not have been aware of students' inability to combine the different pieces ofknowledge in 
order to fmd the solution to these problems. Or, it may be that the more able students 
leam symbolic algorithms more quickly, so their performance on standardized tests is 
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better (Battista, 1999), particularly if the test might havebeen administered more close in 
time to the material being taught. If students in this study mostly learned mIes and 
procedures by rote and not meaningfully, they may have forgotten most of it rather 
quickly. The material students needed to know in this study had been taught several 
months earlier and there was much indication of students not remembering the mIes to 
solve a problem. It was quite obvious that students had forgotten almost all of the rules 
they had learned to solve fractions, because teachers and students indicated little 
confidence, and the work done showed little evidence of correct performance. 
Highly mathematics-anxious students had much less confidence in their actual 
mathematical knowledge, but were able to fairly accurately predict the marks they would 
have received on a written test. This could be due to their awareness that this additional 
knowledge would not be sufficient to do better. Low anxious students seemed to include 
this implicit knowledge into their confidence rating when asked to predict how weIl they 
might do on the individual problems. This is in agreement with the results ofPajares and 
Miller (1994) who also found students to be quite accurate in predicting their ability to 
solve problems. It seems that students think of the potential grade they will receive rather 
than what they might know when asked how weIl they would do on a problem. This is not 
surprising, since the grades they receive on tests and at the end of the year are all students 
have indicating their knowledge level in mathematics to teachers, parents, peers, and even 
themselves. Unfortunately, it is impossible for teachers to evaluate what goes on in 
students' minds and award marks for knowledge that is not evident on paper, and written 
tests are still the most often used tool used to assess how students are doing. 
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Students' Thoughts on Mathematics and their Least and their Most Liked Subject 
• Where does mathematics rank: as a subject with students in popularity and what 
are the subjects they like and dislike most? 
The type of comments that students made about their favourite subject, physical 
education, appears to be an indication that, most importantly, students felt good about 
school courses when they can do well or believe that they have an ability or talent. Most 
students felt that anyone can succeed at sports and that this ability comes to them 
naturally. As one student wrote, "gym is my only good subject in school" (Subject No. 
32, male); so it is not surprising that the marks students can achieve in physical education 
are real confidence boosters for those who struggle in the more academic subjects. 
Physical education appeared to be the divider between students who believe themselves 
to be academically inclined and those who feel their strength is in some form of physical 
activity. As one student explained, "1 feel very confident because 1 always receive high 
marks and 1 find myselfin the more advanced group of people in this subject. 1 think it's 
because in today's society you are either really smart or a great athlete and Ijust have an 
average brain so 1 try and excel in sports." (Subject No. 26, male). This statement 
demonstrates one of the common misconceptions that an "above average brain" is 
required for success in academic subjects,particularly in mathematics, together with the 
beHef that the school curriculum for mathematics is not designed for the average student 
but requires superior intellect. Muis (2004) examined 33 studies on students' beliefs of 
mathematics and found a number of them supporting the beHef by students that 
mathematical understanding requires a higher innate ability than, for instance, social 
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studies. 
The second favourite subject for students was English and the comments revealed 
that adolescents who often give the impression of not communicating feel that this 
subject allows them to express their feelings and emotions. While one of the main reasons 
given was again their be1ief that they have a talent for writing and because they achieve 
high marks, English appeared to be an important class for students to be able to express 
their more vulnerable sides. 
The third favourite subject chosen was music, again a subject where students 
often felt talented and were quite successful. This is also a voluntary subject for high 
school students and most likely is chosen by those who either enjoy music or want to 
learn how to play an instrument. 
Students chose geography as their least favourite subject. From their comments it 
appeared that this topic is often taught lecture style. AIso, for the students in this study it 
was taught in a second language (French). Most of students found the topic not 
interesting, felt there were too many facts to memorize, and often complained that it was 
useless and that they would never need this information. Since most almost aU of the 
students who chose geography as their least favourite subject came from one of the two 
schools, these results need to be interpreted with caution. 
Mathematics, the second least favourite subject, was found to be mostly too 
difficult to understand and also quite stress inducing. Mathematics was the topic that 
caused the greatest amount of anxiety in a testing situation. Many students felt their 
teachers did not teach this subject weU or did not explain the material well enough. 
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Mathematics in general evoked quite negative feelings with several statements such as "1 
hate math" and students often feeling stressed, frustrated, and scared in the mathematics 
classes. 
French was the third least favourite topic and most of the comments made 
described it as difficult to learn. Many students wrote that there were too many mIes and 
verbs to memorize. This is somewhat similar to the comments made about geography and 
may indicate that students generally do not enjoy listening to lectures and memorizing 
material. 
Not surprising, as with their favourite subjects, students liked those classes in 
which they can achieve weIl and that come easy to them, and they disliked those where 
they felt they lacked the ability to do well. Half of the students made negative comments 
about their mathematics class, and it may be worthwhile to look at sorne of the 
components of the subjects that students like and incorporate them into those that they 
fmd difficult. For instance, if students express themselves more easily on paper, the 
writing of journals in mathematics class may be a valuable tool for the teachers to gain 
insight into students' misconceptions and inaccurate beHefs about mathematics. Research 
on writing in content areas and particularly mathematics has shown that it may help 
teachers understand students' mathematical thinking which in turn can help them to teach 
students more effectively (Miller & England, 1989). With respect to the students, writing 
about mathematics could allow them to develop deeper mathematical understanding and 
give them an opportunity to organize and connect their thoughts about mathematical 
concepts (Masingila & Pms-Wisniowska, 1996). In particular, using the findings of a 
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meta-analysis by Bangert-Drowns, Hurley, and Wilkinson (2004) on the effeets of 
writing-to-Iearn interventions on academic achievement, it would be helpful to set up a 
programme for ninth grade students. Results of the 48 studies inc1uded in the meta-
analysis showed writing-to-Iearn interventions to have a positive effect on achievement 
after the eighth grade. Researchers in these studies used short writing assignments, and 
inc1uded prompts for students, asking them to refleet on their knowledge, their doubts and 
their learning proeesses. Instead of the often typical adolescent attitude of not caring 
about mathematies, teachers may see feelings of inseeurity, of feeling incompetent, and a 
fear of failure as well as some very specifie mathematical facts that students have not 
understood. 
Half of the comments students made when asked about the subject of mathematics 
were negative. This result is not quite as extreme as the one found by Jackson and 
Leffingwell (1999) who reported that only 7% of participants had "only" positive 
experience with mathematies; but this finding may have been due to the way these 
researehers worded their question. The students were asked to describe their "worst or 
most challenging mathematies c1assroom experienee from kindergarten through college" 
(p. 583), whereas in this study participants were asked how they felt about mathematics 
and what they liked and did not like about it. Nevertheless, only 22% of students made 
only positive comments about mathematics and this number might be lower if the same 
question would be asked again several years of mathematics c1assroom experiences later, 
once they have reached eollege level. 
Potential Avoidance of Mathematics 
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• Will students with high mathematics anxiety avoid taking more mathematics 
courses? 
The answers provided to the above question did not pro duce the expected clear 
"yes" or "no" choice but rather showed that highly mathematics-anxious students most 
often gave a "conditional" response. It seemed that students with low mathematics 
anxiety had fewer problems deciding that more mathematics courses were not part of 
their educational future. Highly mathematics-anxious students more often qualified their 
answers. They did not really want to take more courses, but felt that they should for 
reasons such as getting into university programmes or because of financial rewards with 
an education involving sciences and mathematics. This is not in agreement with research 
that claims that mathematics anxiety will necessarily cause individuals to avoid 
mathematics (Ginsburg & Asmussen, 1988). It does show though, that given a choice 
they will try to do what they think they should be doing, even though they would prefer to 
avoid mathematics. This attitude wOuld certainly make them more likely to give up on 
mathematics if failure is imminent. The persistence in problem solving behaviour that the 
high-anxious students in this study exhibited shows that while ''trapped'' in a problem-
solving session with the researcher or during an exam, they worked harder to solve the 
problem. Mathematics avoidance in this situation may also not feellike a choice for them. 
It appears also that the students whose marks were in the average (60-79%) range were 
more undecided about taking more mathematics classes. There were sorne high-anxious 
students who received high marks but aIl of the students with marks of 80% and above 
would consider more mathematics courses given the opportunity. This might be an 
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indication that a large number of students, namely those who perform in the average 
range, are at risk for not continuing their education in mathematics. 
To summarize, students with high mathematics anxiety showed higher levels of 
awareness whether or not they possessed sufficient mathematical knowledge to solve 
specific problems. Teachers were not able to detect which oftheir students were 
mathematics-anxious, they were more optimistic about students' performance on material 
that had been taught, and generally had greater confidence in students' ability to solve the 
problems than the students themselves. Students' confidence rankings of their 
performance were lower than their actual knowledge, but c10ser to marks they would have 
received based on their written work. High mathematics-anxious students showed greater 
evidence of mathematical knowledge, but had less confidence in their ability to perform 
than low mathematics-anxious students. Mathematics was the most anxiety-producing 
subject for students in this study; and those who suffered from mathematics anxiety more' 
often qualified their answer when asked if they would voluntarily take more mathematics 
courses in the future. Less than one third of all students were sure about wanting to 
continue studying mathematics. 
Limitations of the study 
Predictably, in retrospect there is always something one would or could have done 
differently in a study. One disappointment was that students do not seem to retain leamed 
information for very long. The "traditional" mathematical problems were from material 
that had been taught approximately six months earlier but it became very quickly apparent 
that there would have been little data to report without allowing students to use 
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calculators which, in turn, may have limited some of the verbalizations that students 
made. Particularly, when students were using only trial-and-error to find the value of the 
variable in the fourth problem, or answering the fraction problem with a decimal, they 
were often silently punching numbers into the calculator. 
Another limitation of this study was that participants were selected from only two 
schools. The fact that almost all students who chose geography as their least favourite 
subject came from the same school may have had something to do with the particular 
teacher ofthat school or the way the course was being taught. For none of the other 
subjects was there such an imbalance in responses and including several other schools 
may have shown a slightly different picture. 
In addition, since this study focussed less on the outcome of the problem-solving 
process by high and low mathematics-anxious students and more on the way they go 
about solving a problem, the results and their interpretation must be viewed as guidelines 
to direct future research to replicate these findings. 
Recommendations for Future Research 
Replicating the study with possibly just one or two mathematical problems that 
have been more recently taught to students may crystallize the findings that highly 
mathematics-anxious students are more aware of their lack of mathematical knowledge 
by providing more verbalizations and even richer data. 
Given that teachers are not necessarily able to recognise students as being highly 
anxious in their classes, it may be interesting to see if changes in the classroom would 
occur when these students will be identified and compare it to classes where teachers are 
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not given this knowledge. 
Recent research on mathematics anxiety has focussed more on mathematics 
anxiety experienced by pre-service teachers who are preparing to teach mathematics in 
elementary schools than on the students themselves and the majority of research cited 
dates back to the 1970s and 1980s (Brady & Bowd, 2005; Comell, 1999; Jackson & 
Leffmgwell, 1999; Sloan, Daane & Giesen, 2002; Tooke, 1998). While it is important to 
help future teachers overcome mathematics anxiety, more studies are needed to help 
younger mathematics-anxious students before they find themselves preparing for a 
profession that requires them to deal with mathematics or possibly even to teach it. 
Contribution to Knowledge, Conclusion, and Implications for Applied Settings 
Most studies that probe the human mind can be interpreted in a variety of ways; 
but one thing that is clear is that mathematics anxiety exists for too many students. If one 
believes that it is the manner in which mathematics is taught and presented, then why 
would not everybody become anxious about the subject? While there are many reasons 
that could be given as the cause ofmathematics anxiety, the results presented in this study 
indicate that the students most affected by any negative experiences relating to 
mathematics are those who have a better idea of what is needed to master the subject. The 
necessary awareness required to do well can also lead to fear and anxiety if students have 
not been given the help to recognise that mathematical concepts do not exist in isolation 
and cannot be fully understood by memorlzing formulae and procedures. The contribution 
to knowledge of this study is that mathematics-anxious students appear to be stuck at a 
point where they are aware that they lack necessary knowledge. Mathematics anxiety can 
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therefore not just be treated at the affective level but needs to be accompanied with 
teaching mathematics and the required cognitive skills, including knowledge of basic 
concepts, and monitoring and reflecting skills about the solution process. 
Since it seems that we are constantly on the verge of losing students suffering 
from mathematics anxiety along their educational path, teachers need to be able to 
identify mathematics anxiety in students who may otherwise be labeUed as "not caring," 
"rebellious," or maybe even "lazy." When students are attending elementary and high 
school, they are not given a choice about taking mathematics courses. Highly anxious 
students in this study did have more knowledge of mathematical facts, but were unable to 
use them. The results of this study show that mathematics anxiety does not necessarily 
result in lower grades. Neither do the grades highly anxious students receive reflect aU the 
knowledge they possess, because of their inability to apply memorized rules when 
needed. These are the students that could easily find themselves giving up and avoiding 
the subject when mathematics courses are no longer mandatory. Mathematics Anxiety 
Questionnaires could be administered several times during the school year to monitor 
students' anxiety levels. Getting to know students through the use of journals will also 
help teachers to gain their students' confidence and may encourage students to show more 
oftheir problem-solving processes on paper. 
There should be sufficient time for teachers to coyer the required material as weIl 
as to reintroduce old topics. This would ensure that some those students who missed 
understanding in a previous mathematics class would have the possibility of catching up, 
thereby solidifying their mathematical knowledge foundation. 
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Ultimate1y, it is comforting to know that mathematics anxiety is not inherently 
crippling to students, but rather a sign for educators to help them make the connections 
between various mathematical concepts. To see a student's face light up when the 
proverbiallight goes on surely means that "getting it" (the solution) is even better than 
"having it" (a passing grade). 
Cognition and Mathematics Anxiety 119 
References 
Aiken, L. R. (1976). Update on attitudes and other affective variables in learning 
mathematics. Review of Educational Research, 46, 293-311. 
Alexander, L., & Martray, C. (1989). The development of an abbreviated version of the 
Mathematics Anxiety Rating Sca1e. Measurement and Evaluation in Counseling 
and Development, 22, 143-150. 
Ashcraft, M. H., & Kirk, E. P. (2001). The relationships among working memory, math 
anxiety, and performance. Journal of Experimental Psychology: General, 130, 
224-237. 
Bangert-Drowns, R. L., Hurley, M. M., & Wilkinson, B. (2004). The effects of school-
based writing-to-Iearn interventions on academic achievement: A meta-ana1ysis. 
Review ofEducational Research, 74,29-58. 
Bassarear, T. (1986). Attitudes and beliefs about learning, about mathematics, and about 
selfwhich most seriously undermine performance in mathematics courses. Paper 
prepared for presentation at the Annual Conference of the New England 
Educationa1 Research Organization, Rockport, Maine. (ERIC Document 
Reproduction Service No. ED 299147) 
Battista, M. T. (1986). The relationship ofmathematics anxiety and mathematica1 
knowledge to the learning of mathematical pedagogy by preservice e1ementary 
teachers. School Science and Mathematics, 86(1), 10-19. 
Battista, M. T. (1999). The mathematical miseducation of America's youth: Ignoring 
research and scientific study in education. Phi Delta Kappan, 80,424-433. 
Cognition and Mathematics Anxiety 120 
Bell, A. (1995). Purpose in school algebra. The Journal of Mathematical Behavior, 14(1), 
41-73. 
Berlyne, D. E. (1963). Motivational problems raised by exploratory and epistemic 
behavior. In S. Koch (Ed.), Psychology: A study ofscience. (Vol. 5). New York: 
McGraw-HilL 
Bessant, K. C. (1995). Factors associated with types of mathematics anxiety in college 
students. Journalfor Research in Mathematics Education, 26, 327-345. 
Best, J. B. (1992). Cognitive psychology (3rd ed.). St. Paul, MN: West Publishing 
Company. 
Betz, N. E. (1978). Prevalence, distribution, and correlates of math anxiety in college 
students. Journal ofCounseling Psychology, 25, 441-448. 
Blier, M .. J., & Blier-Wilson, L. A .. (1989). Gender differences in self-rated emotional 
expressiveness. Sex Roles, 21,287-295. 
Brady, P., & Bowd, A. (2005). Mathematics anxiety, prior experience and confidence to 
teach mathematics among pre-service education students [Electronic version]. 
Teachers and Teaching: Theory and Practice, 11(1),37-46. 
Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of 
learning. Educational Researcher, 18, 32-42. 
Brown, M. A., & Gray, M. W. (1992). Mathematics test, numerical, and abstraction 
anxieties and their relation to elementary teachers' views on preparing students for 
the study of algebra. School Science and Mathematics, 92, 69-73. 
Buhlman, B. J., & Young, D. M. (1982). On the transmission ofmathematics anxiety. 
Cognition and Mathematics Anxiety 121 
The Arithmetic Teacher, 30(3), 55-56. 
Burton, G. M. (1984). Revea1ing images. School Science and Mathematics, 84,199-207. 
Bush, W. S. (1989). Mathematics anxiety in upper elementary school teachers. School 
Science and Mathematics, 89, 499-509. 
Bush, W. S. (1991). Factors related to changes in elementary students' mathematics 
anxiety. Focus on Learning Problems in Mathematics, 13(2), 33-43. 
Carpenter, T. P., Fennema, E., Peterson, P. L., & Carey, D. A. (1988). Teachers' 
pedagogical content knowledge of students' problem solving in elementary 
arithmetic. Journalfor Research in Mathematics Education, 19, 385-40l. 
Chavez, A., & Widmer, C. C. (1982). Math anxiety: Elementary teachers speak for 
themselves. Educational Leadership, 39(5),387-388. 
Chipman, S. F., Krantz, D. H., & Silver, R. (1992). Mathematics anxiety and science 
careers among able college women. Psychological Science, 3(5), 292-295. 
Chiu, L. H., & Henry, L. L. (1990). Development and validation ofthe Mathematics 
Anxiety Scale for Children. Measurement and Evaluation Counseling, 23(3), 
121-127. 
Cicchetti, D., & Mans-Wagner, L. (1987). Sequences, stages, and structures in the 
organization of cognitive development in infants with Down syndrome. In 1. C. 
Uzgiris and J. McV. Hunt (Eds.), Infant performance and experience: New 
findings with the ordinal scales (pp. 281-310). Urbana, IL: University of Illinois 
Press. 
Clute, P. S. (1984). Mathematics anxiety, instructional method, and achievement in a 
Cognition and Mathematics Anxiety 122 
survey course in college mathematics. Journal for Research in Mathematics 
Education, 15, 50-58. 
Collins, A., Brown, J. S., & Newman, S. E. (1989). Cognitive apprenticeship: Teaching 
the crafts of reading, writing, and mathematics. In L. B. Resnick (Ed.), Knowing, 
learning, and instruction: Essays in honor of Robert Glaser (pp. 453-494). 
Hillsdale, NJ: Erlbaum. 
Cooper, E. S., & Robinson, D. A. G. (1989). The influence of gender and anxiety on 
mathematics performance. Journal ofCollege Student Development, 30, 459-461. 
Cornell, C. (1999). 1 hate math! Childhood Education, 75,225-230. 
Cramer, R. H. (1989). Attitudes of gifted boys and girls towards math: A qualitative 
study. Roeper Review, 11, 128-131. 
Cramer, J., & Oshima, T. C. (1992). Do gifted females attribute their math performance 
differently than other students? Journalfor the Education of the Gifted, 16, 18-35. 
Cronbach, L. J. (1951). Coefficient alpha and the internai structure of tests. 
Psychometrika, 16,296-335. 
De Corte, E., Greer, B., & Verschaffel, L. (1996). Mathematics teaching and learning. In 
D. C. Berliner & R. C. Calfee (Eds.), Handbook of Educations Psychology (pp. 
491-549). New York: Simon & Schuster Macmillan. 
Desper, D. B. (1988). Mathematics Anxiety: Causes and Correlates, Treatments and 
Prevention. Master's Exit Project, Indiana University at South Bend. (ERIC 
Document Reproduction No. ED296 895) 
Dew, K. M. H., Galassi, J. P., & Galassi, M. D. (1984). Math anxiety: Relation with 
Cognition and Mathematics Anxiety 123 
situational test anxiety, performance, physiological arousal, and math avoidance 
behavior. Journal ofCounseling Psychology, 31,580-583. 
Dodd, A. W. (1992). Insights from a math phobie. The Mathematics Teacher, 85, 
296-298. 
Eccles, J. S., & Jacobs, J. E. (1986). Social forces shape math attitudes and performance. 
Journal ofWomen in Culture and Society, Il, 367-380. 
Elliot, A. J., McGregor, H. A., & Gable, S. (1999). Achievement goals, study strategies, 
and exam performance: A mediational analysis. Journal of Educational 
Psychology, 91,549-563. 
Eisenberg, M. (1992). Compassionate math. Journal of Humanistic Education and 
Development, 30(4), 157-166. 
Fairbanks, P. J. (1992). Treating mathematics anxiety: The optional contract. The 
Mathematics Teacher, 85, 428-430. 
Ferguson, R. D. (1986). Abstraction anxiety: A factor ofmathematics anxiety. Journalfor 
Research in Mathematics Education, 17, 145-150. 
Ferrell, B. G. (1986). Evaluating the impact ofCAI on mathematics learning: Computer 
immersion project. Journal of Educational Computing Research, 2, 327-336. 
Fotoples, R. M. (2000). Overcoming math anxiety. Kappa Delta Pi Record, 36(4), 149-
151. 
Frary, R. B., & Ling, J. L. (1983). A factor-analytic study ofmathematics anxiety. 
Educational and Psychological Measurement, 43, 985-993. 
Fumer, J. M., & Duffy, M. L. (2002). Equity for all students in the new millennium: 
Cognition and Mathematics Anxiety 124 
Disabling Math Anxiety. Intervention in School and Clinic, 38(2), 67-74. 
Garii, B. (2002). That "Aha" experience: Meta-cognition and student understanding of 
learning and knowledge. Paper presented at the annual meeting of the American 
Educational Research Association, New Orleans, LA. 
Garofalo, J., & Lester, Jr. (1985). Metacognition, cognitive monitoring, and mathematical 
performance. Journal for Research in Mathematics Education, 16, 163-176. 
Gartmann, S., & Freiberg, M. (1995). Metacognition and mathematical problem solving: 
Helping students to ask the right questions. The Mathematics Educator, 6, 9-13. 
Ginsburg, H. P., & Asmussen, K. A. (1988). Hot mathematics. In G. B. Saxe & M. 
Gearhart (Eds), New Directionsfor Child Development No. 41. Children's 
Mathematics (pp. 89-111). San Francisco: Jossey-Bass. 
Giordano, G. (1991). Altering attitudes toward mathematics. Principal, 70(3),41-43. 
Gliner, G. S. (1987). The relationship between mathematics anxiety and achievement 
variables. School Science and Mathematics, 87, 81-87. 
Goldberg, H., & Wagreich, P. (1990). A model integrated science program for the 
elementary schooL International Journal ofEducational Research, 14, 193-214. 
Gourgey, A. (1998). Metacognition in basic skills instruction. Instructional Science, 26, 
81-96. 
Greeno, J. G., & Simon, H. A. (1987). Problem solving and reasoning. In R. C. Atkinson, 
R. J. Herrnstein, G. Lindzey & R. D. Luce (Eds.), Stevens' handbook of 
experimental psychology (2nd ed.), VoL 2: Learning and cognition. New York: 
John Wiley & Sons. 
Cognition and Mathematics Anxiety 125 
Greenwood, R. (1984). My anxieties about math anxiety. Mathematics Teacher, 77, 
662-663. 
Gressard, C. P., & Loyd, B. H. (1987). An investigation of the effects of math anxiety and 
sex on computer attitudes. School Science and Mathematics, 87, 125-134. 
Guting, R. (1980). Humanizing the teaching of mathematics. International Journal of 
Mathematics Education in Science and Technology, Il, 415-425. 
Hadfield, O. D., & Maddux, C. D. (1988). Cognitive style and mathematics anxiety 
among high school students. Psychology in the Schools, 25, 75-83. 
Hadfield, O. D., Maddux, C. D., & Hart, C. (1990). Effectiveness oflogo instruction in 
reducing mathematics anxiety among eighth-grade students. Computers in the 
Schools, 6(3/4), 103-112. 
Handler, J. R. (1990). Math anxiety in adult learning. Adult Learning, 1(6), 20-23. 
Hannel, G. (1990). Gifted but failing - a case study. Gifted Education International, 7, 
20-22. 
Hatano, G. (1988). Social and motivational bases for mathematical understanding. In 
G.G. Saxe & M. Gearhart (Eds.), New Directionsfor Child Development No. 41. 
Children's Mathematics (pp. 55-70). San Francisco: Jossey-Bass. 
Hembree, R. (1990). The nature, effects and relief of mathematics anxiety. Journal for 
Research in Mathematics Education, 21, 33-46. 
Hende1, D. D., & Davis, S. O. (1978). Effectiveness of an intervention strategy for 
reducing mathematics anxiety. Journal ofCounseling Psychology, 25, 429-434. 
Herzig, A. H. (2004). Becoming mathematicians: Women of color choosing and leaving 
Cognition and Mathematics Anxiety 126 
doctoral mathematics. Review ofEducational Research, 74,171-214. 
Hillel, J., & Wheeler, D. (1982). Problem solving protocol: A task oriented method of 
analysis. Unpublished manuscript, Mathematics Department, Concordia 
University, Montreal, Canada. 
Hodapp, R. M., & Burack, J. A. (1990). What mental retardation teaches us about typical 
deve1opment: The examples of sequences, rates, and cross-domain relations. 
Development and Psychopathology, 2, 213-226. 
Hodges, H. L. B. (1983). Learning styles: Rx for mathophobia. Arithmetic Teacher, 30(7), 
17-20. 
Holden, C. (1987). Female math anxiety on the wane. Science, 236, 660-661. 
Hopko, D. R. (2003). Confirmatory factor analysis of the Math Anxiety Rating Scale-
Revised. Educational and Psychological Measurement, 63, 336-351. 
Houston, J. E. (Ed.). (1990). Thesaurus of the Educational Resources Information Center 
(ERIC) Descriptors (12th ed.) Phoenix, AZ: Oryx Press. 
Hunt, G. E. (1985). Math anxiety - where do we go from here? Focus on Learning 
Problems in Mathematics, 7(2), 29-40. 
Hyde, J. S., Fennema, E., Ryan, M., Frost, L. A., & Hopp, C. (1990). Gender comparisons 
ofmathematics attitudes and affect. Psychology ofWomen Quarterly, 14, 
299-324. 
Jackson, C. D., & Leffingwell, R. J. (1999). The role ofinstructors in creating math 
anxiety in students from kindergarten through college. The Mathematics Teacher, 
92, 583-586. 
Cognition and Mathematics Anxiety 127 
Kagan, D. M. (1987). A search for the mathematical component of math anxiety. Journal 
of Psychoeducational Assessment, 5, 301-312. 
Kamann, M. P., & Wong, B. y. L. (1993). lnducing adaptive coping self-statements in 
children with learning disabilities through self-instruction training. Journal of 
Learning Disabilities, 26, 630-638. 
Kazelskis, R. (1998). Sorne dimensions ofmathematics anxiety: A factor analysis across 
instruments. Educational and Psychological Measurement, 58, 623-633. 
Kaselskis, R., Reeves, C., Kersh, M.E., Bailey, G., Cole, K., Larmon, M., et al. (2000). 
Mathematics anxiety and test anxiety: Separate constructs? The Journal of 
Experimental Education, 68(2), 137-146. 
Kelly, W. P., & Tornhave, W. K. (1985). A study of math anxiety/math avoidance in 
pre service elementaryteachers. The Arithmetic Teacher, 32(5),51-53. 
Lajoie, S. P. (1991). A framework for authentic assessment in mathematics. National 
Center for Research in Mathematical Sciences Education, 1(1), 6-12. 
Lampert, M. (1986). Teaching multiplication. Journal of Mathematical Behavior, 5, 
241-280. 
Lazarus, M. (1974). Mathophobia: Sorne personal speculations. National Elementary 
Principal, 53(2), 16-22. 
Leinhardt, G., & Greeno, J. G. (1986). The cognitive skill ofteaching. Journal of 
Educational Psychology, 78, 75-95. 
Li, A. K. F., & Adamson, G. (1995). Motivational patterns related to gifted students' 
learning of mathematics, science and English: An examination of gender 
Cognition and Mathematics Anxiety 128 
differences. Journalfor the Education of the Gifted, 18,284-297. 
Liebert, R. M., & Morris, L W. (1967). Cognitive and emotional components of test 
anxiety: A distinction and sorne initial data. Psychological Reports, 20, 975-978. 
Llabre, M. M., & Suarez, E. (1985). Predicting math anxiety and course perfonnance in 
college women and men. Journal ofCounseling Psychology, 32, 283-287. 
Lupkowski, A. E., & Schumacker, R. E. (1991). Mathematics anxiety among talented 
students. Journal ofYouth and Adolescence, 20, 563-572. 
Ma, X. (1999). A Meta-analysis of the re1ationship between anxiety toward mathematics 
and achievement in mathematics. Journal for Research in Mathematics 
Education, 30, 521-540. 
Ma, X. (2003). Effects of early acce1eration of students in mathematics on attitudes 
towards mathematics and mathematics anxiety. Teachers College Record, 105, 
438-464. 
Macleod, N. G. (1998). Time for a change. Mathematics in School, 27(2), 6-7. 
Martinez, J. G. R. (1987). Preventing math anxiety: A prescription. Academic Therapy, 
23(2), 117-125. 
Masingila, J. O. & Prus-Wisniowska, E. (1996). Developing and assessing mathematical 
understanding in calculus through writing. In P. C. Elliot & M. J. Kenney (Eds.), 
Communication in Mathematics, K-12 and Beyond (pp. 95-104). Reston, VA: 
National Council of Teachers in Mathematics. 
Mayer, R. E. (2002). Mathematical problem solving. In J. M. Royer (Ed.), Mathematical 
cognition (pp. 69-92). Greenwich, CT: Infonnation Age Publishing. 
Cognition and Mathematics Anxiety 129 
McCoy, L. P. (1990, April). Correlates ofMathematics Anxiety. Paper presented at the 
Annual Meeting of the American Educational Research Association. Boston, MA. 
McLeod, D. B. (1988). Affective issues in mathematical problem solving: Sorne 
theoretical considerations. Journal for Research in Mathematics Education, 19, 
134-141. 
McLeod, D. B. (1992). Research on affect in mathematics education: A 
reconceptualization. In D. A. Grouws (Ed.), Handbook on mathematics teaching 
and learning (pp. 575-596). New York: MacMillan. 
Miller, L. D., & England, D. A. (1989). Writing to learn algebra. School Science and 
Mathematics, 89, 299-312. 
Morris, L. W., Davis, M. A., & Hutchings, C. H. (1981). Cognitive and emotional 
components of anxiety: Literature review and a revised worry-emotionality scale. 
Journal ofEducational Psychology, 73,541-555. 
Morris, L. W., Kellaway, D. S., & Smith, D. H. (1978). Mathematics Anxiety Rating 
Scale: Predicting anxiety experiences and academic performance in two groups of 
students. Journal of Educational Psychology, 70, 589-594. 
Muis, K. R. (2004). Personal epistemology and mathematics: A critical review and 
synthesis ofresearch. Review ofEducational Research, 74,317-377. 
National Research Council (1989). Everybody Counts: A Report to the Nation on the 
Future ofMathematics Education .. Washington, DC: National Academy Press. 
National Council of Mathematics Teachers of Mathematics (2000). Principles and 
standards for school mathematics, Reston, V A: Author. 
Cognition and Mathematics Anxiety 130 
Norwood, K. S. (1994). Theeffect ofinstructional approach on mathematics anxiety and 
achievement. School Science and Mathematics, 94, 248-254. 
Pajares, F., & Miller, M. D. (1994). Role ofself-efficacy and self-concept beliefs in 
mathematical problem solving: A path analysis. Journal of Educational 
Psychology, 86, 193-203. 
Pajares, F., & Urdan, T. (1996). Exploratory factor analysis of the mathematics anxiety 
scale. Measurement and Evaluation in Counseling and Development, 29,35-47. 
Papert, S. (1980). Mindstorms: Chi/dren, computers, and powerful ideas. New York: 
Basic Books. 
Pearson, C. (1980). New hope for the math-fearing teacher. Learning, 8(5), 34-36. 
Peterson, J. M. (1989). Tracking students by their supposed abilities can deraillearning. 
The American School Board Journal, 176(5), 38. 
Pintrich, P. R. (2000). Multiple goals, multiple pathways: The role of goal orientation in 
learning and achievement. Journal ofEducational Psychology, 92,544-555. 
Plake, B. S., & Parker, C. S. (1982). The development and validation of a revised version 
of the Mathematics Anxiety Rating Scale. Educational and Psychological 
Measurement, 42, 551-557. 
Quilter, D., & Harper, E. (1988). Why we didn't like mathematics, and why we can't do it. 
Educational Research, 30(2), 121-134. 
Resnick, H., Viehe, J., & Segal, S. (1982). Is math anxiety a local phenomenon? A study 
ofprevalence and dimensionality. Journal ofCounseling Psychology, 29, 39-47. 
Resnick, L. B. (1987). Learning in school and out. Educational Researcher, 16(9), 13-20. 
Cognition and Mathematics Anxiety 131 
Resnick, L. B. (1988). Developing mathematical knowledge. American Psychologist, 44, 
162-169. 
Reyes, L. H. (1984). Affective variables and mathematics education. The Elementary 
School Journal, 84, 558-58l. 
Richardson, F. C., & Suinn, R. M. (1972). The Mathematics Anxiety Rating Scale: 
Psychometric data. Journal ofCounseling Psychology, 19, 551-554. 
Roberge, J. J., & Flexer, B. K. (1983). Cognitive style, operativity, and mathematics 
achievement. Journalfor Research in Mathematics Education, 14,344-353. 
Romberg, T. A., & Carpenter, T. P. (1986). Research on teaching and learning 
mathematics: Two disciplines of scientific inquiry. In M. C. Wittrock (Ed.), 
Handbook of Research on Teaching, Third Edition (pp. 850-873). New York: 
MacMillan. 
Rounds, J. B., Jr., & Hendel, D. D. (1980). Measurement and dimensionality of 
mathematics anxiety. Journal ofCounseling Psychology, 27, 138-149. 
Schacht, S., & Stewart, B. J. (1990). What's funny about statistics? A technique for 
reducing student anxiety. Teaching Sociology, 18(1), 52-56. 
Schoenfeld, A. H. (1983). Beyond the purely cognitive: Belief systems, social cognitions, 
and metacognitions as driving forces in intellectual performance. Cognitive 
Science, 7, 329-363. 
Schoenfeld, A. H. (1985). Mathematical problem solving. New York: Academic Press. 
Schoenfeld, A. H. (1989). Exploration ofstudents' mathematical beliefs and behavior. 
Journalfor Research in Mathematics Education, 20,338-355. 
Cognition and Mathematics Anxiety 132 
Schoenfeld, A. H. (1992). Learning tothink mathematically: Problem solving, 
metacognition, and sense making in mathematics. In D. Grouws (Ed.), Handbook 
for research on mathematics teaching and learning (pp. 334-370). New York: 
MacMillan. 
Schofield, H. L. (1982). Sex, grade level, and the relationship between mathematics 
attitude and achievement in children. Journal ofEducational Research, 75, 
280-284. 
Segal, S. L. (1987). Is female math anxiety real? Science, 237, 350. 
Sepie, A. C., & Keeling, B. (1978). The relationship between types of anxiety and 
under-achievement in mathematics. Journal ofEducational Research, 72, 15-19. 
Shodal, S. A. (1984). Math anxiety in college students: Sources and solutions. 
Community College Review, 12(2), 32-36. 
Shulman, L. S. (1986a). Paradigms and research programs in the study ofteaching: A 
contemporary perspective. In M. C. Wittrock (Ed.), Handbook of Research on 
Teaching, Third Edition (pp. 3-36). New York: MacMillan. 
Shulman, L. S. (1986b). Those who understand. Knowiedge growth in teaching. 
Educational Researcher, 15(2),4-14. 
Sime, W. E., Ansorge, C. J., OIson, J., Parker, c., & Lukin, M. (1987). Coping with 
mathematics anxiety: Stress management and academic performance. Journal of 
College Student Personnel, 28, 431-437. 
Skiba, A. (1990). Reviewing an old subject: Math anxiety. Mathematics Teacher, 83, 
188-189. 
Cognition and Mathematics Anxiety 133 
Sloan, T., Daane, C. J., & Giesen, 1. (2002). Mathematics anxiety and leaming styles: 
What is the relationship in elementary preservice teachers? School Science and 
Mathematics, 102, 84-87. 
Smith, M. K. (1989). Why is Pythagoras following me? Phi Delta Kappan, 70, 446-454. 
Sovchik, R., Meconi, L. J., & Steiner, E. (1981). Mathematics anxiety ofpreservice 
elementary mathematics methods students. School Science and Mathematics, 81, 
643-648. 
Spielberger, C. (1972). Conceptual and methodological issues in anxiety research. In C. 
Spielberger (Ed.), Anxiety: Current Trends in Theory and Research. Vol. II. New 
York: Academic Press. 
Spielberger, C. D., Gorsuch, R. L., & Lushene, R. E. (1970). Manual for the state-trait 
anxiety inventory. Palo Alto, CA: Consulting Psychologists Press. 
Stefanich, G., & Dedrick, C. (1985). Addressing concerns in science and mathematics 
education: An alternative view. The Clearing House, 58(6), 274-277. 
Stem, E. (1993). What makes certain arithmetic word problems involving the comparison 
of sets so difficult in children? Journal of Educational Psychology, 85, 7-23. 
Stevens, J. (2002). Applied multivariate statisticsfor the social sciences (4th 
ed.).Mahwah, NJ: Lawrence Erlbaum. 
Stuart, V. B. (2000). Math curse or math anxiety? Teaching Children Mathematics, 6(5), 
330-335. 
Suinn, R. M., Edie, C. A., & Spinelli, R. (1970). Accelerated massed desensitization, 
innovation in short-term treatment. Behavior Therapy, l, 303-311. 
Cognition and Mathematics Anxiety 134 
Suinn, R. M., & Edwards, R. (1982). The measurement of mathematics anxiety: The 
Mathematics Anxiety Rating Scale for Adolescents - MARS-A. Journal of 
Clinical Psychology, 38, 576-580. 
Suinn, R. M., & Richardson, F. C. (1971). Anxiety management training: A nonspecific 
behavior therapy pro gram for anxiety control. Behavior Therapy, 2, 498-510. 
Suinn, R. M., Taylor, S., & Edwards, R. W. (1988). Suinn Mathematics Anxiety Rating 
Scale for Elementary School Students (MARS-E): Psychometrie and normative 
data. Educational and Psychologïcal Measurement, 48, 977-986. 
Swetman, D. L. (1994). Fourth grade math: The beginningofthe end. Reading 
Improvement, 31(3), 173-176. 
Tankersley, K. (1993). Teaching math their way. Educational Leadership, 50(8), 12-13. 
Tobias, S. (1979). Anxiety research in educational psychology. Journal ofEducational 
Psychology, 71, 573-582. 
Tobias, S. (1981). Stress in the math classroom. Learning, 9(6), 34-38. 
Tobias, S. (1991). Math mental health: Going beyond math anxiety. College Teaching, 
39(3),91-93. 
Tobias, S., & Weissbrod, C. (1980). Anxiety and mathematics: An update. Harvard 
Educational Review, 50(1), 63-70. 
Tooke, D. J., & Lindstrom, L. C. (1998). Effectiveness of a mathematics methods course 
in reducing math anxiety of preservice elementary teachers. School Science and 
Mathematics,98,136-139. 
Triee, A. D., & Ogden, E. D. (1986). Correlates ofmathematics anxiety in first-year 
Cognition and Mathematics Anxiety 135 
elementary school teachers. Educational Research Quarterly, 11(3), 2-4. 
Vance, W. R., Jr., & Watson, T. S. (1994). Comparing anxiety management training and 
systematic rational restructuring for reducing mathematics anxiety in college 
students. Journal ofCollege Student Development, 35, 261-266. 
Vermeer, H. J., Boekaerts, M., & Seegers, G. (2000). Motivational and gender 
differences: Sixth-grade students' mathematical problem-solving behavior. 
Journal ofEducational Psychology, 92,308-315. 
Walmsley, A. (2000). Attitudes of students toward mathematics in the transition from 
school to university. Mathematics Teaching, 173,47-49. 
Wayne, A. J., & Youngs, P. (2003). Teacher characteristics and student achievement 
gains: A review. Review ofEducational Research, 73,89-122. 
Weiss,!. R. (1990). Mathematics teachers in the United States. International Journal of 
Educational Research, 14, 139-155. 
Welch, W. W., Anderson, R. E., & Harris, L. J. (1982). The effects ofschooling on 
mathematics achievement. American Educational Research Journal, 19(1), 
145-153. 
Wells, M. R. (1985). Gifted females: An overview for parents, teachers, and counselors. 
G/CIT, 38, 43-46. 
Wieschenberg, A. A. (1994). Overcoming conditioned helplessness in mathematics. 
College Teaching, 42(2), 51-54. 
Wigfield, A., & Meece, J. L. (1988). Math anxiety in elementary and secondary school 
students. Journal ofEducational Psychology, 80, 210-216. 
Cognition and Mathematics Anxiety 136 
Williams, W. V. (1988). Answers to questions about math anxiety. School Science and 
Mathematics, 88, 95-104. 
Witkin, H. A., Moore, C. A., Goodenough, D. R., & Cox~ P. W. (1977). Field-dependent 
and field-independent cognitive styles and their educational implications. Review 
of Educational Research, 47, 1-64. 
Wood, E. F. (1988). Math anxiety and elementaryteachers: What does research tell us? 
For the Learning ofMathematics, 8(1),8-13. 
Zyl, T. V., & Lohr, J. W. (1994). An audiotaped program for reduction ofhigh school 
students' math anxiety. School Science and Mathematics, 94, 310-313. 
Cognition and Mathematics Anxiety 137 
AppendixA 
Short Questionnaire 
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Please answer the questions below as honestly as possible. 
There are no right or wrong answers. We are interested in 
your opinion only. If you need extra space, please use the 
back of the page. 
1. Which is your most favorite school subject? 
In a couple of sentences, describe how you feel about this 
subject, what you like about it and how confident you are in 
your ability to do well in it: 
Why do you think you feel this way about the ab ove subject? 
............................................................ 
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2. Which is your least favorite school subject? 
In a couple of sentences, please describe how you feel about 
this subject, what you dislike about it and how confident 
you are in your ability to do well in it: 
Why do you think you feel this way about the above subject? 
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If you have chosen mathematics for one of the ab ove 
questions, please skip this question and continue with 
question No. 4. 
3. If you have not chosen mathematics for either of the 
above questions, please de scribe how you feel about 
mathematics, what you like or donlt like about it, and how 
confident you are in your ability to do weIl in mathematics: 
Why do you think you feel this way about mathematics? ..... . 
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4. Indicate on the scale below how comfortable you felt 
having to answer questions about your feelings and beliefs 
on a number of things you may have preferred to keep 
private. 
o 
Very 
uncomfortable 
1 2 3 4 5 
Neutral 
6 7 8 9 10 
Very 
comfortable 
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Appendix B 
Mathematical Problems 
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N~ ____________________________ DATE ______________ _ 
Traditional School Mathematical Problem 
After reading, but before answering each question please indicate how confident 
you are that you can frnd the answer by marking the line after each question. 
1. The following calculation yields: 
Not at ail 
confident 
A Iittle 
confident 
Fairly 
confident 
Quite 
confident 
Very 
confident 
2. 
Not at ail 
confident 
A little 
confident 
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Fairly 
confident 
Quite 
confident 
Very 
confident 
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3. An area of land forms a polygon as illustrated below: 
18m 
15m 
8m 
If aH angles are right angles: 
Not at ail 
confident 
a) Calculate the perimeter. 
b) Calculate the area. 
A Uttle 
confident 
Fairly 
confident 
6m 
Quite 
confident 
Very 
confident 
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4. Michael pays $44 for a workbook, a geometry set and a dictionary. The workbook 
costs 3 times more than the geometry set, while the dictionary costs 6 times more than the 
workbook. 
Let x be the price of the geometry set. 
Calcula te the price of the geometry set. 
Not at ail 
confident 
A little 
confident 
Fairly 
confident 
Quite 
confident 
Very 
confident 
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Non-traditional Mathematical Problems 
5. Square Cutting: 
Can you eut a square into four square pieces? 
Can you eut a square into seven square pieces? 
Can you eut a square into thirteen square pieces? 
Not at ail 
confident 
A little 
confident 
Fairly 
confident 
Quite 
confident 
Very 
confident 
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6. Pyramid Problem: Can you fill in the blank squares in the diagram below using the 
following rule? A higher number is always the sum of the two numbers immediately 
below it. 
1 
Not at ail 
confident 
A little 
confident 
Fairly 
confident 
Quite 
confident 
3 
Very 
confident 
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AppendixC 
Consent Form for ParentiGuardian 
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CONSENT FORM TO PARTICIPATE IN RESEARCH 
This is to state that 1 agree to let my sonldaughter participate in a pro gram of research 
conducted by Erika Franz under the supervision of Dr. Robert J. Bracewell of McGill 
University, Department ofEducational Psychology and Counselling, 3700 McTavish Street, 
Montreal, Quebec, H3A 1 Y2. Please calI Erika Franz at 458-7704 if you have any questions. 
• 1 understand that the purpose of the research is to study the relationship between 
emotions toward mathematics and the learning of mathematics. 
• 1 consent to allowing the researchers access to my child's school files so long as the 
information is kept in strict confidence and never made public. Any information 
coUected in this study will be disclosed only to the researchers. My child's 
participation in the study is totally anonymous and confidential. 
• 1 understand that my child' s performance on the research tasks will not affect herlhis 
educational status at school. 
• 1 understand that 1 can have a description of the results of this study after its 
completion and that 1 will be able to ask any questions regarding my child's 
participation in this study. 
• 1 understand that the data from this study may be published. 
• 1 understand that 1 am free to withdraw my consent and to discontinue my child' s 
participation at any time without giving notice and without negative consequences. 
• 1 understand that my child' s participation in this research is voluntary and he/she may 
stop participating at any time. 
1 HAVE CAREFULLY READ AND UNDERSTOOD THIS AGREEMENT AND 
THEREFORE 1 FREEL Y CONSENT AND AGREE FOR MY CHILD TO P ARTICIPATE 
IN THE STUDY. 
NAME OF CHILD ......................................................... . 
(PLEASE PRINT) 
NAMEOFPARENT/GUARDIAN .............................................. .. 
(PLEASE PRINT) 
SiGNATURE ............................................................................... . 
DATE .......................................................................................... . 17/07/96 
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AppendixD 
Consent Form for Student 
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CONSENT FORM TO PARTICIPATE IN RESEARCH 
You are invited to participate in a study in which we hope to learn more about how 
people feel about mathematics and how these feelings affect the learning of mathematics. 
• Your participation in this study is totally anonymous and confidential. 
• The data of this study may be published, but your name and any other personal 
information will never be used. 
• You are free to withdraw your consent at any time before or during the study without 
giving notice and without negative consequences. 
• Should you be interested, you may request a short report summarizing the findings of this 
study once the research has been completed. 
• Your performance on any of the research tasks will not affect your educational status at 
schooL 
Ifyou have any questions, we will be happy to answer them. Please contact Erika Franz at 
458-7704. 
YOU ARE MAKING A DECISION WHETHER OR NOT TO PARTICIPATE. YOUR 
SIGNATUREINDICATES THAT YOUHA VE READ THE INFORMATION PROVIDED 
ABOVE AND HAVE DECIDED TO PARTICIPATE. IN ORDER FOR YOU TO 
PARTICIPATE IN THIS STUDY WE WILL ALSO REQUIRE YOUR 
PARENTS/GUARDIANS TO SIGN THE CONSENT FORM PROVIDED TO THEM. 
PrintName 
Signature 
Date 
17/(JJ!96 
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Appendix E 
Letter to Participants and Parents/Guardians 
Department of Educational Psychology and Counselling 
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Faculty of Education 
McGiII University 
3700 McTavish Street 
Montreal, Quebec, Canada 
H3A 1Y2 
Dear Participant and Parent or Guardian, 
Tel.: (514) 398-4240 
Fax: (514) 398-6968 
Telex: 05268510 
l am. a doctoral studentat McGill University who is presently working on my thesis 
research project in EducationalPsychology under the supervision ofDr. Robert J. Bracewell. 
My research interest is in :the effect mathematics anxiety has on the problem solving process 
of students at the high schoollevel. 1 believe that a better understanding of how feelings 
affect mathematical problem solvingwillhelp us understand betterwhymathematics appears 
to be such a difficult subject for some students who otherwise. have little or no academic 
difficulties. 
The enclosed consentforms request yourpermission to participa te (or have your child 
participate) in approximately two research sessions ofone class period each. During these 
sessions subjects will beasked to complete four questionnaires about how they might feel in 
various situations and about their dislikes and likes about school subjects. In addition, 
subjects will be asked tosolve some problems in individual sessions with the experimenter. 
Students will be asked to verbalize their thoughts during problem solving and these sessions 
will be audiotaped for future analysis. 
This study has been approved by the Lakeshore School Board and by the 
administration of both ·MacDonaId High School and Hudson High School. For more 
information, please read the enclosed consent forms. 1 look forward to your (your child' s) 
participation. 
Sincerely, 
Erika Franz 
(514) 458-7704 
Cognition and Mathematics Anxiety 155 
AppendixF 
Secrecy Agreement for Participants 
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Research Ethics Committee of 
The Faculty of Education 
Statement of Ethics of Proposed Researcb 
in the Faculty of Education 
Statement of ethics, p. 1 
It is assumed that the responses to the questions below reflect the author's (or authors') familiarity with 
the ethical guidelines for research with human subjects that have been adopted by the Faculty of 
Education. 
1. Informed Consent of Subjects 
Explain how you propose to seek informed consent from each of your subjects (or should they be 
minors, from their parents or guardian). lnformed consent includes comprehension of the nature, 
procedures, purposes, risks, and benefits of the research in which subjects are participating. Please 
append ta this statement a copy of the consent fonn that you intend to use. 
Distribution of consent forro (attached) and written exp~anation of 
the purpose of the research (see attached note) through schoo~s. 
2. SUbJect Recruttment 
2.1 Are the subjects a "captive population" (e.g., residents of a rehabilitation centre, 
students in a class, inmates in a penal establishment)? 
yes - students in a class 
2.2 Explain how institutional or social pressures will not be applied to encourage 
participation. 
Subjects will be fully infcr~ed about the Drecise nature and 
purpose of the study. Consent form wil~ ir.c~ude e statement 
that participation is vo~untary. 
2.3 What is the nature of the inducement you intend to present to prospective subjects to 
persuade them ta particïpate in your study? 
An expla~2tion of the purpose of the study. 
2.4 How will you help prospective participants understand that they may freely withdraw 
trom the study at theïr own discretion and for any reason? 
Written stBte~ent in the consent form that subjects may withdraw 
from the study without any notice and at any time. 
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Statement of ethics. p. 2 
3. Sub}ect Risk and Wellbelng 
What assurance can you provide this committee (as weil as the subjects) that the risks, 
physical and/or psychological, that are Inherent to this study are either minimal or fully 
justifiable given the benefits that these same subjects can reasonably expect to receive? 
~o such risks are involved in this study. 
4. Deception of Subjects 
4.1 Will the research design necessitate any deception to the subjects? 
No 
4.2 If so, what assurance can you provide this committee that no alternative methodology 
is adequate? 
4.3 If deception is used, how do you intend to nullify any negative consequences of the 
deception? 
5. Prlvacy of Subjects 
How will this study respect the subjects' rlght to privacy, that Is, their right to refuse you 
-access to any Information which falls within the private domain? 
Written statement t~et subjects' p~ivacy will nct be invaded and 
that any infor~ation disclosed will remain confidential. 5ubjects 
may refuse to p~rticipate or withdraw fram the study at any time. 
6. ConfldentlalltyfAnonymlty 
6.1 How will this study ensure that (a) the identity of the subjects will be concealed and (b) 
the confidentiality of the information which they will furnish to the researchers or their 
surrogates will be safeguarded? 
No namas will be used on any fcr~s. Any information disclosed 
will be kept confidential and in a safe place. 
Cognition and Mathematics Anxiety 163 
AppendixH 
Guidelines for Coding Students' Performance 
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Guidelines for Coding Student's Actual Performance on Problem #1 
1. The following calculation yields: 
(1) Any general rule, not necessarily applied correctly. 
(2) Order of operation. 
(3) Reducing fractions. 
(4) Common denominators. 
(5) Rules for division. 
(6) Ru1es for mu1tiplication 
(7) Ru1es for Adding and Subtracting 
(8) Negative and positive numbers. 
(9) Correct answer. 
2. 
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Guidelines for Coding Student' s Actual Performance on Problem #2 
(1) Any general concept of exponents, whether applied correctly or not. 
(2) Correctly multiplying exponents. 
(3) Correctly dividing exponents. 
(4) Reducing fractions. 
(5) Knowledge of any number to the power of "0", including checking with calculator. 
(6) Correct answer. 
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Guidelines for Coding Student's Actual Performance on Problem #3 
3. An area of land forms a polygon as illustrated below: 
18m 
6m 
15m 
8m 
If an angles are right angles: 
a) Calculate the perimeter. 
b) Calculate the area. 
a) P= 18 +6+1O+9+8+15=66m b) A= (l5x8)+(6xlO)=120+60=180m2 
(1) General concept of perimeter. 
(2) General concept of area. 
(3) Recognizing that not all measutements are given. 
(4) Being able to fmd unknown measurements. 
(5) Formula for perimeter. 
(6) Formula for area. 
(7) Correct answer for perimeter. 
(8) Correct answer for area. 
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Guidelines for Coding Student's Actual Performance on Problem #4 
4. Michael pays $44 for a workbook, a geometry set and a dictionary. The workbook 
costs 3 times more than the geometry set, while the dictionary eosts 6 times more than the 
workbook. 
Let x be the priee of the geometry set. 
Calculate the price of the geometry set. 
x + 3x + 6(3x) = 44 
22x=44 
x=44/22 
x=2 
(1) Reeognizing the need for an algebraie equation. 
(2) Translating language into math operations (setting up anyequation). 
(3) Setting up the correct equation. 
(4) Solving correctly for x. 
(5) Correct answer. 
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Guidelines for Coding Student's Actual Performance on Problem #5 
5. Square cutting: 
Can you cut a square into four square pieces? 
Can you cut a square into seven square pieces? 
Can you cut a square into thirteen square pieces? 
(1) Knowledge of definition of "square", i.e. same sides, right angles. 
(2) Recognizing the pattern of square cutting. 
(3) Correct answer for four square pieces. 
(4) Correct answer for seven square pieces. 
(5) Correct answer for thirteen square pieces. 
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Guidelines for Coding Student's Actual Performance on Problem #6 
6. Pyramid Problem. Can you fill in the blank squares in the diagram below using the 
following rule? A higher number is always the sum of the two numbers immediately 
belowit. 
1 3 
(1) Making an attempt. 
(2) Understanding the rule, i.e. definition of sum, etc. 
(3) Any correct answer. 
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AppendixI 
Protocol Manual 
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PROTOCOL MANUAL 
1.0.0 Strategie Operations (adapted from Bracewell & Breuleux, 1994) - Detined as 
planning and the evaluations of implementations of plans. Separate codes will be 
given for goals and evaluations when justifications are verbalized or reasoning 
statements made, i.e. "1 think 1 did something wrong, because it' s a little bit easy, 
a bit too easy." As goals are plans to be executed in the future and the task to be 
performed was short and done immediately, future tense goals will be coded as 
either Goals - Intentional or Goals - Potential. In addition, intentional and 
potential goals will be coded separately if they are relevant to the task to be 
performed at the moment. 
1.1.0 Goals: Basic units of a plan, characterized by intentionality or potential, 
future action, and present tense report of actions that precede 
implementation. Action temporally marked as future will he coded either 
as intentional or potential. Goals that are task defined will be marked 
separately from general goals. 
1.1.1 Goal - Intentionalffask Deimed (GIffD) Basic units of a plan, 
characterized by intentionality and future, marked by a volitional 
lexical identifier, agent relation (fust singular or plural, second or 
impersonal); or present tense report of action that precedes 
implementation. They are coded task defined if the goals relevant 
to the task to be performed. (" ... , and J'Il add all the exponents 
together." Code 023, L26) 
1. V olitionallexical identifier with agent relation. ("Okay, 1 have to 
see if -, just to make sure, 1 want to see in times something to the 
zero what it will equal." Code 087, L26) 
2. Agent relation: First (singular or plural), second, or impersonal 
and action marked as future. ("A:h, so first of all, J'Il do the top." 
Code 052, L39) 
3. Present tense report of action preceding implementation ("Now 1 
have all the lines and 1 add il ail together." Code 046, LlO!) 
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1.1.2 Goal- Intentional (GI) Basic units of a plan, characterized by 
intentionality and future, marked by a volitionallexical identifier; 
agent relation (fust, singular or plural, second or impersonal); or 
present tense report of action that precedes implementation. Goals 
that are general and not directly part of the problem solving 
process. ("And J'Il use the calculator." Code 086, L147) 
1. Volitionallexical identifier with agent relation. ("1 have to write 
this out." Code 006, LlO) 
2. Agent relation: First (singular or plural), second, or impersonal 
and action marked as future. ("Let's do this the hard way." Code 
027, L17 and "Ah, J'mjust going to read over the problem." Code 
007, L132) 
3. Present tense report of action preceding implementation ("1 am 
just doing the brackets first." Code 013, L6) 
1.1.3 Goal- Potentialffask Defined (GPtrD) Basic units of a plan, 
characterized by potential and future action, with action modally 
marked as qualified, necessary, ability, or conditional, including 
imperatives; disjunction relation between actions; goal case 
relation; present tense report of action that precedes 
implementation; or hypothetical action, including infinitive form. 
They are coded as task defined if the goals are relevant to the task 
to be performed. ("And now 1 have to times it, 1 think." Code 050, 
L38) 
1. Action modally marked as qualified ("To calculate the 
perimeter, 1 would add all four numbers." Code 009, L40); 
necessary ("We needthis missing number." Code 027, L74)); 
ability (You ean cross multiply." Code 006, L16); or eonditional 
(" ... , if you eut through these-, these Hnes you have here, you' d get-
, maybe you ean get three more." Code 007, L 119) with agent 
relation, including imperatives ("Oh, wait! Code 006, L74). 
2. Disjunction relation between actions, with agent relation. 
(" ... ean 1 do it like that or do 1 have to minus it?" Code 041, 
L28) 
3. AIl statements in the form of queries. ("l'm thinking, ah, how 
many Hnes l'm going to have to put here." Code 007, LI00) 
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4. Goal case relation (action directed towards a future concept) 
with agent relation. ("1 am trying to figure a way to cut seven 
square pieces." Code 023, L 70) and ("l'm think:ing what 
numbers 1 should redo to get to thirty-one." Code 075, L166) 
5. Hypothetical action, with agent relation, also infinitive form. 
("Ah, ... okay, ah, say each side was eight." Code 042, Ll06) 
1.1.4 Goal- Potential (GP) Basicunits of a plan, characterized by 
potential and future action, with action modaHy marked as 
qualified, necessary, or ability, inc1uding imperatives; disjunction 
relation between actions; goal case relation; present tense report of 
action that precedes implementation; or hypothetical action, 
inc1uding infinitive form. Goals that are general and not directly 
part of the problem solving process. ("1 have to write this out." 
Code 006, 114) 
1. Action modally marked as qualified ("l'd probably be more 
comfortable using decimals." Code 027, L40), necessary 
("Ahem, 1 know 1 have to divide it by something." Code 026, 
L38), ability ("ActuaHy, 1 could do this a much easier way." 
Code 062, L35), or conditional ("80 ifyou take the thirteen, you 
have to add on six more." Code 007, LIll) (with agent relation), 
inc1uding imperatives ("Okay. Rewrite the question!" Code 042, 
L38). 
2. Disjunction relation between actions with agent relation (" ... , 
weH it can be left as two thousand forty-eight over two-fifty-six, 
but you can reduce it, but it's fairly big, so-" Code 036, L42) 
3. AH statements in the form of queries. (WeH, am 1 doing this 
properly?" Code 042, L133) 
4. Goal case relation (action directed towards a future concept) 
with agent relation. ("1 am trying to figure out how to solve this 
problem." Code 006, L55) 
5. Hypothetical action (with agent relation), also infinitive form. 
(" ... but 1 have an idea about what to do." Code 007, L70) 
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1.2.0 Evaluations - defined as psychological attributes based on a concept. 
Evaluations refer to attributions of a quality, comparisons or observations 
of goals, procedures or mental states. In addition to positive and negative 
evaluations, uncertainty appears to play a big role in the problem solving 
process and will be coded for separately. AIl segments are coded within 
the context so that what may be coded as a descriptive statement in one 
protocol, may be coded as an evaluation somewhere else, i.e. "And that 's 
the answer!" (Code 013, L28 - Evaluation - pos.) 
1.2.1 Evaluations - Positive (EP) Statements reflecting acceptance of 
goals, procedures or expressing positive emotions. 
Examples: 1. "1 just did this in class, so l'm fairly confident 1 can do this." 
Code 007, L51 
2. "Oh, okay, 1 get it. Okay." Code 029, L97 
3. "1 can do this quite weil." Code 036, L48 
4. "Oh,yeah, 1 know how to divide. Okay." Code 060, L21 
5. "This one 's easy, just add up all the sides." Code 096, L34 
1.2.2 Evaluations - Negative (EN) Statements reflecting rejection of 
goals, procedures or statements expressing negative emotions. 
Examples: 1. "Ijust-, l'm having a hard time." Code 006, L12 
2. "Oh shit." Code 019, L31 
3. "1 can't remember what to do here." Code 019, L112 
4. ''!'m 'not very good at exponents." Code 036, L34 
5. "1 hate fractions." Code 094, L4 
1.2.3 Evaluations - Uncertain (EU) Statements expressing doubts or 
uncertainty with respect to goals, procedures and mental states. 
Examples: 1. "l'm not exactly sure." Code 006, L55 
2. "Okay, ahem, weIl. 1 don 't think 1 can get much farther on 
than this one." Code 009, L143 
3. ''l'm not really sure which one is right." Code 019, L73 
4. "Okay. That four, l'm not sure what l'm supposed to do 
with it." Code 027, L69 
5. "Ah, l'mjust wondering ifI'm doing this right ... ahem ... " 
Code 052, L88 
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2.0.0. Knowledge Operations (adapted from Bracewell & Breuleux, 1994) 
2.1.0 Prior Knowledge - Retrieval of previously learned information from 
memory, usually stated in combination with goals, evaluations or 
descriptive statements. These statements will be assigned two codes, one 
for prior knowledge and a second for goals, evaluations, justifications or 
descriptive statements. Prior knowledge will only be coded once if the 
statement is repeated within the next few sentences by the subject, but the 
secondary codes, i.e. goals, evaluations, etc. are counted each time. 
2.1.1 Prior Knowledge - Task appropriate (PKA) Retrieving 
information from memory pertaining to the task to be performed at 
that particular moment. Not inc1uding information that is relevant 
to another task, or the present task but not at that particular point of 
the problem solving pro cess or statements reflecting prior 
knowledge pertaining to a different task. 
Examples: 1. "Okay, the area, youjust times the length times the width." 
Code 006, L82 (refers to solving for area of a polygon) 
2. "First you would solve what's in the braclœts." Code 009, 
L4 (refers to knowledge of order of operations) 
3. "Ahem, weIl, the perimeter would be the distance arauncf' 
Code 019, L83 
4. "The area, okay, 1 have ta divide this inta twa different 
parts." Code 029, L71 (to solve for area of an L-shaped 
polygon) 
5. "Okay, so you have ta make an equation." Code 041, L92 
(transforming a word problem into an algebraic expression) 
2.1.2 Prior Knowledge - Task inappropriate (PKI) Retrieving 
information from memory that is incorrect or, if correct, it may not 
be relevant to the task at all or at that particular moment in the 
problem solving process. 
Examples: 1. "The perimeter is twa L times two W for a rectangle." 
Code 006, L47 (incorrect formula) 
2. "1 think you 're suppased ta go and ma/œ twa baxes." Code 
050, L68 (Referring to calculating perimeter of an L-shaped 
polygon) 
3. "Thirty-, thirty-ane is a prime number though." Code 063, 
L167 (Referring to having to find two numbers that sum to 
thirty-one) 
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4. "Area equals . the length times the width times the height." 
Code 077, L39 
5. "Then you go to b) and to calculate an area, you would 
times it ail." Code 081, L 76 (Referring to ail sides of an 
L-shaped polygon) 
2.2.0 JustificationlReasoning - statements often following goals, evaluations or 
implementations of procedures, justifYing strategies used, lack of 
knowledge or reasoning about the procedures used, or the ability to solve 
the problem. Statements can he an indication that the suhject is attempting 
to link previously learned information to the prohlem he/she is currently 
solving and usually need to he coded in context. 
2.2.1 JustificationlReasoning - correct (J/RC) Correctly justifying, 
explaining or reasoning about goals, evaluations or descriptive 
statements. Reflecting on whether the solution is logically possible, 
suchas a negative cost for an item. 
Examples: 1. "and l'm going to cut off a section here, so 1 can find the 
area of both figures." Code 013, L56 (Referring to L-
shaped polygon) 
2. "A::h, when you multiply these numbers, they add up." 
Code 027, L64 (Refers to adding exponents when 
multiplying) 
3. "Y ou can cut a square into four square pieces because you 
just go half and half." Code 036, L92 (demonstrates 
by drawing) 
4. "So the geo set has to be under five dollars or else, you 
know, it wouldn't work out." Code 043, L156 
GustifYing trial-and-error method for cost ofthree items 
totalling $44.00) 
5. "Okay, if the totallength is fifteen, and the length ofthis 
top part is six, **then** the bottom part must be nine." 
Code 051, L65 (establishing the length of a missing side 
in an L-shaped polygon) 
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2.2.2 JustificationlReasoning - incorrect (J/RI) Incorrectly justifying, 
explaining or reasoning about goals, evaluations or descriptive 
statements or making statements that are correct but do not apply 
to the problem currently being solved. Inaccurate reflections on 
whether the solution or the procedure leading to the solution is 
logically possible. 
Examples: 1. "Y ou can only cut a square into even pieces. So, it could be 
like sixteen or fourteen square pieces." Code 006, L126 
(when asked to cut a square into seven and thirteen square 
pieces) 
2. "Forty-, l'mjust trying to find a common denominator now, 
because 1 think that' show 1 learned how to do it, a long 
time ago." Code 026, L21 (incorrect rule use) 
3. "They're odd numbers, and you always with a square, you 'd 
have to have an even amount of numbers, unless you move 
into triangles."Code 027, L132 (refers to cutting a square 
into seven or thirteen square pieces) 
4. "Hmm, thinking *because* it's grade nine math, and you 
don't really take away the zero." Code 043, L102 (refers to 
whether to ignore zeros in calculations) 
5. "No, there's no fraction there 'cause it's negative, okay." 
Code 063, L50 (refers to two to the power of zero.) 
2.2.3 JustificationlReasoning - ability (AB) Statements in the form of 
goals, evaluations or descriptive statements that justify or explain 
one's ability or inability to solve the problem. Assigning 
responsibility for performance to one's own competence. 
Examples: 1. "Ahem, l'm between not at all confident and a little bit 
confident, because first of aIl, l'm not very good at word 
problems," Code 007, L69 
2. "WeIl, not at all, because 1 don 't really understand the 
question." Code 0 19, L 120 (Referring to confidence in 
solving the problem) 
3. "Hmm. Not at aIl confident, because l'm not very good with 
this stuff." Code 027, L74 
4. "Okay, not at aIl confident, because 1 have trouble, ahem, 
converting word problems into, what are they called, 
expressions. Code 027, L99 
5. ''l'm not goodwith multiplication solving." Code 081, L32 
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2.2.4 JustificationlReasoning - excuses (EX) Explanations and 
justifications that extemalize one's inability to solve the problem. 
Examples: 1. "No, 1 don't-, 1 haven 't done this in a long time, that's 
why." Code 007, L12 
2. "And l'm having trouble figuring out because 1 haven 't done 
this in a long time." Code 027, L90 
3. "No, because l've done something like that before, but-, with 
division, but it's never been times." Code 050, L52 
4. ''l'm thinking that 1 don't know how to do this and then 1 
think 1 do, 'cause 1 've never done this with x being a 
geometry set and Ijust don't know what to do with iL." 
Code 073, L55 (trying to set up an equation) 
5. "Ahem, 1 can put a square-, ahem, .. ah, l'm going to skip 
that one because it'd take me a long time." Code 086, LlO 
(refers to cutting a square into seven and thirteen square 
pieces) 
2.3.0 Implementation - statements describing procedures being carried out 
while going through the problem solving task without any goal setting or 
evaluations. Coding depends very much on the context in which 
statements are made. 
2.3.1 Implementation - Correct (IM/C) Procedures carried out 
correctly in relation to the problem to be solved. 
Examples: 1. "Ahem, seem two to the power of three would b:e, would be 
eight. Eight times two to the power of eight i:s" Code 007, 
L22 
2. "So this would be ten centimetres and this would be-, this 
would be nine." Code 007, L60 
3. "fifteen-,fifteen plus eighteen plus eight plus six plus nine 
plus ten equals to sixty-six." Code 013, L58 
4. "So that becomes, ah, three plus eight, ah, eight, eleven. Ah, 
two to the power of one, ah, is two." Code 027, L65 
(solving exponents) 
5. "So it's two thousandforty-eight divided by two fifty-six 
equals, and my answer is eight!" Code 064, L65 
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2.3.2 Implementation - Incorrect (lMII) Procedures carried out 
incorrectly. Includes those statements that may be correct 
computations but are not correct to solve the problem in question. 
Examples: 1. "Okay. *calculator* So thirty-one divided by three equals" 
Code 013, L119 (looking for numbers whose sum is thirty-
one) 
2. "Okay, fifteen times eighteen times eight times six," Code 
021, L61 (multiplies sides ofL-shaped polygon to calculate 
area of polygon) 
3. "Okay. So, two times two times two, that's {sixteen}." 
Code 041, L34 (calculating two to the power of three) 
4. "So that's two-fifty-six times two to the power o/-, is zero 
and divided by two to the power of four, equals sixteen, 
times four times four." Code 043, L79 (refers to two to the 
power of zero as "zero") 
5. "Eighteen divided by negative six equals, equals negative 
three ... " Code 046, L144 (refers to calculating cost of 
geometry set) 
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Appendix J 
Table ofRaw Scores of Coded Segments 
MAHIGH 
MALE 
SUBTOTAL 
MAHIGH 
FEMALE 
SUBTOTAL 
TOTAL 
MALOW 
MALE 
SUBTOTAL 
MALOW 
FEMALE 
SUBTOTAL 
TOTAL 
NUMBER OF CODED SEGMENTS FOR HIGH VS. LOW MATH ANXIOUS STUDENTS 
PKA PKI GIITD GI 
P1 12 7 5 15 
P2 5 0 8 14 
P3 12 0 21 7 
P4 1 0 0 28 
P5 2 0 5 10 
P6 0 1 0 9 
32 8 39 83 
PKA PKI GIITD GI 
P1 19 2 4 22 
P2 5 1 6 14 
P3 14 2 9 12 
P4 4 0 1 12 
P5 2 0 8 21 
P6 1 1 0 19 
45 6 28 100 
77 14 67 183 
PKA PKI GIITD GI 
P1 4 5 3 20 
P2 0 1 0 7 
P3 6 2 9 8 
P4 0 0 2 14 
P5 0 0 0 3 
P6 3 3 2 16 
13 11 16 68 
PKA PKI GIITD GI 
P1 15 3 7 14 
P2 5 0 2 13 
P3 11 2 7 10 
P4 2 1 0 7 
P5 0 0 0 5 
P6 0 0 0 6 
33 6 16 55 
46 17 32 123 
GR. 9 MARK. MALE LO: 68.8% 
PKA - Prior Knowledge - appropriate 
PKI - Prior Knowledge - inappropriate 
GIITD - Goal - intentional/task defined 
GI - Goal - intentional 
GPITD - Goal - potentiaVtask defined 
GP - Goal - potential 
JRlC - Justification/Reasoning - correct 
JRlI - JustificationlReasoning - incorrect 
GPITD GP J/RC J/RI 
13 36 1 1 
6 18 0 1 
13 12 5 0 
1 28 10 4 
1 41 9 9 
4 22 6 8 
38 157 31 23 
GPITD GP J/RC J/RI 
18 56 4 3 
5 25 4 3 
11 11 6 1 
2 27 4 3 
3 56 7 10 
5 42 10 6 
44 217 35 26 
82 374 66 49 
GPITD GP J/RC J/RI 
0 28 1 0 
0 8 1 1 
5 14 3 2 
0 17 4 1 
5 42 5 9 
2 24 7 4 
12 133 21 17 
GPITD GP J/RC JIRI 
12 34 1 3 
3 12 0 0 
12 14 0 0 
3 22 5 1 
0 33 3 4 
0 32 2 1 
30 147 11 9 
42 280 32 26 
FEMALE LO: 68.5% 
AB - Justification - Ability 
EX - Justification - Excuse 
EP - Evaluation - positive 
EN - Evaluation - negative 
EU - Evaluation - uncerlain 
IM/C - Implementation - correct 
IMII - Implementation - incorrect 
AB EX EP 
2 3 12 
1 0 17 
1 0 22 
2 3 11 
1 0 32 
0 1 15 
7 7 109 
AB EX EP 
6 2 14 
2 2 14 
1 1 14 
8 0 10 
3 2 35 
1 1 21 
21 8 108 
28 15 217 
AB EX EP 
3 3 11 
0 1 13 
1 2 16 
2 0 10 
2 0 24 
1 0 16 
9 6 90 
AB EX EP 
0 2 8 
0 1 10 
0 0 19 
2 1 11 
1 1 19 
3 1 13 
6 6 80 
15 12 170 
MALE HI: 73.2% 
EN EU IMIC 
22 19 13 
2 13 30 
4 3 30 
18 14 17 
22 19 16 
36 12 16 
104 80 122 
EN EU IM/C 
66 28 23 
17 14 31 
4 9 28 
38 17 12 
51 18 13 
53 12 17 
229 98 124 
333 178 246 
EN EU IM/C 
31 12 10 
9 9 14 
7 3 19 
15 9 15 
31 19 10 
30 14 5 
123 66 73 
EN EU IM/C 
28 24 14 
4 18 10 
7 8 19 
17 10 15 
23 20 6 
21 17 12 
100 97 76 
223 163 149 
FEMALE HI: 68.2% 
IM/I 
36 
8 
9 
26 
11 
22 
112 
IM/I 
42 
17 
14 
31 
26 
30 
160 
272 
IMII 
35 
12 
15 
16 
13 
16 
107 
IMII 
28 
27 
21 
19 
18 
21 
134 
241 
TOTAL 
197 
123 
139 
163 
178 
152 
~52 
TOTAL 
309 
160 
137 
169 
255 
219 
1249 
2201 
TOTAL 
166 
76 
112 
105 
163 
143 
765 
TOTAL 
193 
105 
130 
116 
133 
129 
806 
1571 
(î 
o 
~. 
P'. g 
8-
~ 
~ ~ 
fa. 
.... 
(") 
v.l 
~ 
.... q 
-00 
-
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AppendixK 
Means of Manovas of Awareness and Oblivious Sets 
Level of 
GENDER 
female 20 
male 20 
Level of 
GENDER 
female 20 
male 20 
Level of 
GENDER 
female 20 
male 20 
Level of 
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Manova Means of Awareness Set 
-------------PKA------------
N Mean SD 
3.90000000 
2.25000000 
2.42573917 
1. 91599912 
-------------JRC------------
N Mean SD 
2.30000000 
2.55000000 
1. 92216983 
1. 93241055 
-------------EU-------------
N Mean SD 
9.75000000 
7.30000000 
6.512l3442 
4.72507310 
-------------PKA------------
-------------TDG------------
Mean SD 
5.90000000 
5.25000000 
3.64041640 
4.95107644 
-------------EN-------------
Mean 
16.4500000 
11.3500000 
SD 
l3.2842408 
6.5315026 
-------------IMC------------
Mean SD 
10.00000000 
9.75000000 
6.54538809 
4.79994518 
-------------TDG------------
MATHANX N Mean SD Mean SD 
high 
low 
20 
20 
3.85000000 
2.30000000 
2.00722380 
2.38636478 
7.45000000 
3.70000000 
4.18612998 
3.61429909 
Level of -------------JRC------------ -------------EN-------------
MATHANX 
high 20 
low 20 
N Mean SD 
3.30000000 
1.55000000 
1.80933253 
1. 60509059 
Mean 
16.6500000 
11.1500000 
SD 
l3.3585179 
6.2008064 
Level of -------------EU------------- -------------IMC------------
MATHANX N Mean SD 
high 
low 
Level of 
GENDER 
female 
female 
male 
male 
Level of 
GENDER 
female 
female 
male 
male 
Level of 
GENDER 
female 
female 
male 
male 
20 
20 
8.90000000 
8.15000000 
5.84807661 
5.77904563 
Level of -----------PKA-----------
MATHANX N Mean 3D 
high 10 4.50000000 1. 77951304 
low 10 3.30000000 2.90784380 
high 10 3.20000000 2.09761770 
low 10 1.30000000 1.15950181 
Level of -----------JRC-----------
MATHANX N Mean 3D 
high 10 3.50000000 1.71593836 
low 10 1.10000000 1.28668394 
high 10 3.10000000 1. 96920740 
low 10 2.00000000 1.82574186 
Level of ------------EU-----------
MATHANX N Mean 3D 
high 10 9.80000000 8.01110341 
low 10 9.70000000 5.03432661 
high 10 8.00000000 2.49443826 
low 10 6.60000000 6.31048510 
Mean SD 
12.3000000 
7.4500000 
5.93916528 
4.27323371 
-----------TDG-----------
Mean 3D 
7.20000000 2.25092574 
4.60000000 4.37670602 
7.70000000 5.63816361 
2.80000000 2.57336788 
------------EN-----------
Mean 3D 
22.9000000 16.0862260 
10.0000000 4.6188022 
10.4000000 5.5817162 
12.3000000 7.5432089 
-----------IMC-----------
Mean SD 
12.4000000 7.61869047 
7.6000000 4.42718872 
12.2000000 4.04969135 
7.3000000 4.34741302 
Level of 
GENDER 
female 
male 
Level of 
GENDER 
female 
male 
Level of 
MATHANX 
high 
low 
Level of 
MATHANX 
high 
low 
Level of 
GENDER 
female 
female 
male 
male 
Level of 
GENDER 
female 
female 
male 
male 
20 
20 
20 
20 
20 
20 
20 
20 
Level of 
GENDER 
female 
fema1e 
male 
male 
N 
N 
N 
N 
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Means of Ob~ivious Set 
----------PKI---------- ----------GO----------- ----------JRI----------
Mean Std Dev Mean Std Dev Mean Std Dev 
0.60000000 0.94032469 25.9000000 15.2484684 1.75000000 1.91599912 
0.95000000 0.82557795 22.2000000 10.7193873 1.95000000 1.46808145 
----------JRN---------- ----------EP----------- ----------IMI----------
Mean Std Dev Mean Std Dev Mean Std Dev 
2.05000000 
1.45000000 
2.58487504 
1. 35627198 
9.40000000 
9.95000000 
4.59290070 14.7000000 
4.37065574 10.9000000 
9.91065349 
4.38778208 
----------PKI---------- ----------GO----------- ----------JRI----------
Mean Std Dev Mean Std Dev Mean Std Dev 
0.70000000 0.80131471 27.8500000 14.0722758 2.40000000 1.90290636 
0.85000000 0.98808693 20.2500000 11.2337602 1.30000000 1.26074331 
----------JRN---------- ----------EP----------- ----------IMI----------
Mean Std Dev Mean Std Dev Mean Std Dev 
2.15000000 2.43386199 10.8500000 4.84795128 13.6000000 9.21897357 
1.35000000 1.56524758 8.5000000 3.73461757 12.0000000 6.22389284 
Level of ----------PKI---------- ----------GO-----------
MATHANX N Mean Std Dev Mean Std Dev 
high 10 0.60000000 0.84327404 31.6000000 17.0762994 
low 10 0.60000000 1.07496770 20.2000000 11.2723851 
high 10 0.80000000 0.78881064 24.1000000 9.7576181 
low 10 1.10000000 0.87559504 20.3000000 11.8044248 
Level of ----------JRI---------- ----------JRN-----------
MATHANX N Mean Std Dev Mean Std Dev 
high 10 2.60000000 2.27058485 2.90000000 3.24722103 
low 10 0.90000000 0.99442893 1.20000000 1.39841180 
high 10 2.20000000 1. 54919334 1.40000000 0.84327404 
low 10 1.70000000 1. 41813649 1.50000000 1. 77951304 
Level of ----------EP----------- ----------IMI----------
MATHANX N Mean Std Dev Mean Std Dev 
high 10 10.8000000 5.20256347 16.0000000 12.1014232 
low 10 8.0000000 3.62092683 13.4000000 7.5601293 
high 10 10.9000000 4.74809903 11. 2000000 4.4919681 
low 10 9.0000000 3.97212510 10.6000000 4.5018515 
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Appendix L 
Analyses of Manovas for Awareness and Oblivious Sets 
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The SAS System 00:03 Tuesday, May 16, 2000 
Analysis with 6 variable Awareness Set 
General Linear Models Procedure 
Class Level Information 
Class Levels Values 
GENOER 2 female male 
MATHANX 2 high low 
Number of observations = 40 
Dependent Variable: PKA 
Sum of Mean 
Source OF Squares Square F Value Pr > F 
Model 3 52.4750000 17.4916667 4.03 0.0144 
Error 36 156.3000000 4.3416667 
Corrected Total 39 208.7750000 
R-Square C.V. Root MSE PKA Mean 
0.251347 67.76152 2.08367 3.07500 
Source OF Type l SS Mean Square F Value Pr > F 
GENOER 1 27.2250000 27.2250000 6.27 0.0169 
MATHANX 1 24.0250000 24.0250000 5.53 0.0242 
GENOER*MATHANX 1 1.2250000 1.2250000 0.28 0.5986 
Source OF Type III SS Mean Square F Value Pr > F 
GENOER 1 27.2250000 27.2250000 6.27 0.0169 
MATHANX 1 24.0250000 24.0250000 5.53 0.0242 
GENOER*MATHANX 1 1.2250000 1.2250000 0.28 0.5986 
Dependent Variable: TDG 
Sum of Mean 
Source OF Squares Square F Value Pr > F 
Model 3 158.075000 52.691667 3.37 0.0290 
Error 36 563.700000 15.658333 
Corrected Total 39 721. 775000 
R-Square C.V. Root MSE TOG Mean 
0.219009 70.97868 3.95706 5.57500 
Source OF Type l SS Mean Square F Value Pr > F 
GENOER 1 4.225000 4.225000 0.27 0.6066 
MATHANX 1 140.625000 140.625000 8.98 0.0049 
GENOER*MATHANX 1 13.225000 13.225000 0.84 0.3642 
Source OF Type III SS Mean Square F Value pr > F 
GENOER 1 4.225000 4.225000 0.27 0.6066 
MATHANX 1 140.625000 140.625000 8.98 0.0049 
GENOER*MATHANX 1 13.225000 13.225000 0.84 0.3642 
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Dependent Variable: JRC 
SUIn of Mean 
Source DF Squares Square F Value Pr > F 
Model 3 35.4750000 11.8250000 4.00 0.0147 
Error 36 106.3000000 2.9527778 
Corrected Total 39 141. 7750000 
R-Square c.V. Root MSE JRC Mean 
0.250220 70.86041 1. 71836 2.42500 
Source DF Type l SS Mean Square F Value Pr > F 
GENDER 1 0.6250000 0.6250000 0.21 0.6482 
MATHANX 1 30.6250000 30.6250000 10.37 0.0027 
GENDER*MATHANX 1 4.2250000 4.2250000 1. 43 0.2394 
Source DF Type III SS Mean Square F Value Pr > F 
GENDER 1 0.6250000 0.6250000 0.21 0.6482 
MATHANX l 30.6250000 30.6250000 10.37 0.0027 
GENDER*MATHANX 1 4.2250000 4.2250000 1. 43 0.2394 
Dependent Variable: EN 
SUIn of Mean 
Source DF Squares Square F Value Pr > F 
Model 3 1110.20000 370.06667 4.02 0.0145 
Error 36 3313.40000 92.03889 
Corrected Total 39 4423.60000 
R-Square C.V. Root MSE EN Mean 
0.250972 69.01935 9.59369 13.9000 
Source DF Type l SS Mean Square F Value Pr > F 
GENDER 1 260.100000 260.100000 2.83 0.1014 
MATHANX 1 302.500000 302.500000 3.29 0.0782 
GENDER*MATHANX 1 547.600000 547.600000 5.95 0.0198 
Source DF Type III SS Mean Square F Value Pr > F 
GENDER 1 260.100000 260.100000 2.83 0.1014 
MATHANX 1 302.500000 302.500000 3.29 0.0782 
GENDER*MATHANX 1 547.600000 547.600000 5.95 0.0198 
Dependent Variable: EU 
SUIn of Mean 
Source 'DF Squares Square F Value Pr > F 
Model 3 69.8750000 23.2916667 0.69 0.5657 
Error 36 1220.1000000 33.8916667 
Corrected Total 39 1289.9750000 
R-Square c.V. Root MSE EU Mean 
0.054168 68.28921 5.82165 8.52500 
Source DF Type l SS Mean Square F Value Pr > F 
GENDER 1 60.0250000 60.0250000 1. 77 0.1916 
MATHANX 1 5.6250000 5.6250000 0.17 0.6861 
GENDER*MATHANX 1 4.2250000 4.2250000 0.12 0.7261 
Source DF Type III SS Mean Square F Value Pr > F 
GENDER 1 60.0250000 60.0250000 1. 77 0.1916 
MATHANX 1 5.6250000 5.6250000 0.17 0.6861 
GENDER*MATHANX 1 4.2250000 4.2250000 0.12 0.7261 
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Dependent Variable: IMC 
Source 
Model 
Error 
Corrected Total 
OF 
3 
36 
39 
Sum of 
Squares 
235.875000 
1016.500000 
1252.375000 
Mean 
Square F Value Pr > F 
78.625000 2.78 0.0547 
28.236111 
R-Square 
0.188342 
c.V. Root MSE IMC Mean 
Source 
GENOER 
MATHANX 
GENOER*MATHANX 
Source 
GENOER 
MATHANX 
GENOER*MATHANX 
OF 
1 
1 
1 
OF 
1 
1 
1 
53.81029 
Type l SS 
0.625000 
235.225000 
0.025000 
Type III SS 
0.625000 
235.225000 
0.025000 
5.31377 
Mean Square 
0.625000 
235.225000 
0.025000 
Mean Square 
0.625000 
235.225000 
0.025000 
General Linear Models Procedure 
Multivariate Analysis of Variance 
F Value 
0.02 
8.33 
0.00 
F Value 
0.02 
8.33 
0.00 
Characteristic Roots and Vectors of: E Inverse * H, where 
H = Type III SS&CP Matrix for GENOER E = Error SS&CP Matrix 
Characteristic 
Root 
0.50220438 
0.00000000 
Percent 
100.00 
0.00 
Characteristic Vector V'EV=1 
PKA 
JRC 
EU 
0.11903831 
-0.04113101 
0.00568694 
-0.00930125 
-0.00924206 
0.04154830 
TOG 
EN 
IMC 
-0.04008685 
0.00604057 
-0.00512107 
0.01348460 
-0.01913667 
0.00030110 
9.87500 
Pr > F 
0.8826 
0.0066 
0.9764 
Pr > F 
0.8826 
0.0066 
0.9764 
188 
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Characteristic Roots and Vectors of: E Inverse * H, where 
H = Type III SS&CP Matrix for GENDER E = Error SS&CP Matrix 
Characteristic 
Root 
0.00000000 
0.00000000 
Percent 
0.00 
0.00 
Characteristic Vector V'EV=l 
PKA 
JRC 
EU 
-0.01191339 
-0.02408921 
-0.01443251 
0.01858315 
0.09888603 
0.00000000 
TDG 
EN 
IMC 
-0.01274071 
0.00942517 
0.03683016 
-0.02403761 
0.00189878 
0.00000000 
Characteristic Roots and Vectors of: E Inverse * Hf where 
H = Type III SS&CP Matrix for GENDER E = Error SS&CP Matrix 
Characteristic 
Root 
Percent 
0.00000000 0.00 
0.00000000 0.00 
Characteristic Vector V'EV=l 
PKA TDG 
JRC EN 
EU IMC 
-0.05912810 0.01410521 
-0.02020578 0.01634148 
0.00000000 0.00000000 
-0.01965521 0.04989400 
0.00000000 0.00000000 
0.00000000 0.00000000 
Multivariate Analysis of Variance 
Manova Test Criteria and Exact F Statistics for 
the Hypothesis of no Overall GENDER Effect 
H Type III SS&CP Matrix for GENDER E = Error SS&CP Matrix 
S=l M=2 N=14 .5 
Statistic Value F Num DF Den DF 
Wilks' Lambda 0.66568838 2.5947 6 31 
Pillai's Trace 0.33431162 2.5947 6 31 
Hotelling-Lawley Trace 0.50220438 2.5947 6 31 
Roy's Greatest Root 0.50220438 2.5947 6 31 
Pr > F 
0.0373 
0.0373 
0.0373 
0.0373 
Cognition and Mathematics Anxiety 190 
Characteristic Roots and Vectors of: E Inverse * H, where 
H = Type III SS&CP Matrix for MATHANX E = Error SS&CP Matrix 
Characteristic 
Root 
0.55485024 
0.00000000 
Percent 
100.00 
0.00 
Characteristic Vector V'EV=l 
PKA 
JRC 
EU 
-0.02364412 
0.04500992 
-0.01671024 
0.00803338 
-0.03366988 
0.00121719 
TDG 
EN 
IMC 
0.01690454 
0.01016225 
0.01787256 
-0.01259097 
0.01801596 
-0.00130186 
Characteristic Roots and Vectors of: E Inverse * H, where 
H = Type III SS&CP Matrix for MATHANX E = Error SS&CP Matrix 
Characteristic 
Root 
Percent 
0.00000000 0.00 
0.00000000 0.00 
Characteristic Vector V'EV=l 
PKA TDG 
JRC EN 
EU IMC 
-0.00388805 0.01511848 
-0.00021722 -0.01717232 
0.03948007 0.00300001 
-0.01869255 -0.01922566 
-0.04706425 0.00628086 
-0.01129203 0.03244462 
Characteristic Roots and Vectors of: E Inverse * H, where 
H = Type III SS&CP Matrix for MATHANX E = Error SS&CP Matrix 
Characteristic 
Root 
Percent 
0.00000000 0.00 
0.00000000 0.00 
Characteristic Vector V'EV=l 
PKA TDG 
JRC EN 
EU IMC 
-0.11923812 0.06334108 
-0.03011998 0.00000000 
0.00000000 0.00000000 
-0.05848519 -0.01275573 
0.07913487 0.00000000 
0.00000000 0.00000000 
Manova Test Criteria and Exact F Statistics for 
the Hypothesis of no Overall MATHANX Effect 
H Type III SS&CP Matrix for MATHANX E = Error SS&CP Matrix 
S=l M=2 N=14.5 
Statistic Value F Nurn OF Den OF 
Wilks' Lambda 0.64314876 2.8667 6 31 
Pillai's Trace 0.35685124 2.8667 6 31 
Hotelling-Lawley Trace 0.55485024 2.8667 6 31 
Roy's Greatest Root 0.55485024 2.8667 6 31 
pr > F 
0.0244 
0.0244 
0.0244 
0.0244 
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Characteristic Roots and Vectors of: E Inverse * H, where 
H Type III SS&CP Matrix for GENDER*MATHANX E = Error SS&CP Matrix 
Characteristic 
Root 
0.66807753 
0.00000000 
Percent 
100.00 
0.00 
Characteristic Vector V'EV=l 
PKA 
JRC 
EU 
-0.00294106 
0.02544482 
-0.03411705 
0.08014012 
0.00277228 
-0.00371714 
TDG 
EN 
IMC 
-0.02952814 
0.02504237 
0.01087000 
-0.00321717 
0.00272843 
0.00118431 
Characteristic Roots and Vectors of: E Inverse * H, where 
H Type III SS&CP Matrix for GENDER*MATHANX E = Error SS&CP Matrix 
Characteristic 
Root 
Percent 
0.00000000 0.00 
0.00000000 0.00 
Characteristic Vector V'EV=l 
PKA TDG 
JRC EN 
EU IMC 
-0.10588128 0.06558575 
0.00436805 0.00429896 
-0.00585679 0.00186603 
-0.02582333 -0.00162000 
-0.02725561 0.00075989 
-0.00456378 0.03549275 
Characteristic Roots and Vectors of: E Inverse * H, where 
H = Type III SS&CP Matrix for GENDER*MATHANX E = Error SS&CP Matrix 
Characteristic 
Root 
0.00000000 
0.00000000 
Percent 
0.00 
0.00 
Characteristic Vector V'EV=l 
PKA 
JRC 
EU 
-0.01697245 
0.10099576 
0.01231766 
0.00543265 
-0.03044617 
0.02412994 
TDG 
EN 
IMC 
-0.00481257 
-0.00933994 
0.00000000 
-0.00278463 
0.00461805 
0.00000000 
Manova Test Criteria and Exact F Statistics for 
the Hypothesis of no Overall GENDER*MATHANX Effect 
H Type III SS&CP Matrix for GENDER*MATHANX E = Error SS&CP Matrix 
S=l M=2 N=14.5 
Statistic Value F Num DF Den DF Pr > F 
Wilks' Lambda 0.59949252 3.4517 6 31 0.0100 
Pillai's Trace 0.40050748 3.4517 6 31 0.0100 
Hotelling-Lawley Trace 0.66807753 3.4517 6 31 0.0100 
Roy's Greatest Root 0.66807753 3.4517 6 31 0.0100 
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The SAS System 19:51 Friday, June 14, 2002 
Ana1ysis with 6 VARIABLES OBLIVIOUS SET 
Dependent Variable: PKI 
Source 
Mode1 
Error 
Corrected Total 
Source 
GENDER 
MATHANX 
GENDER*MATHANX 
Source 
GENDER 
MATHANX 
GENOER*MATHANX 
Dependent Variable: 
Source 
Model 
Error 
Corrected Total 
Source 
GENOER 
MATHANX 
GENDER*MATHANX 
Source 
GENDER 
MATHANX 
GENDER*MATHANX 
GO 
The GLM Procedure 
C1ass Leve1 Information 
Class Levels Values 
GENDER 2 female male 
MATHANX 2 high low 
Number of observations 40 
OF 
3 
36 
39 
Sum of 
Squares 
1. 67500000 
29.30000000 
30.97500000 
R-Square Coeff Var 
0.054076 116.4075 
OF Type l SS 
1 1.22500000 
1 0.22500000 
1 0.22500000 
DF Type III SS 
1 1.22500000 
1 0.22500000 
1 0.22500000 
Sum of 
OF Squares 
3 858.900000 
36 5879.000000 
39 6737.900000 
R-Square Coeff Var 
0.127473 53.13558 
DF Type l SS 
1 136.9000000 
1 577.6000000 
1 144.4000000 
DF Type III SS 
1 136.9000000 
1 577.6000000 
1 144.4000000 
Mean Square 
0.55833333 
0.81388889 
Root MSE 
0.902158 
Mean Square 
1.22500000 
0.22500000 
0.22500000 
Mean Square 
1.22500000 
0.22500000 
0.22500000 
Mean Square 
286.300000 
163.305556 
Root MSE 
12.77911 
Mean Square 
136.9000000 
577.6000000 
144.4000000 
Mean Square 
136.9000000 
577.6000000 
144.4000000 
F Value 
0.69 
Pr > F 
0.5665 
PKI Mean 
0.775000 
F Value Pr > F 
1. 51 0.2278 
0.28 0.6023 
0.28 0.6023 
F Value Pr > F 
1. 51 0.2278 
0.28 0.6023 
0.28 0.6023 
F Value Pr > F 
1. 75 0.1736 
GO Mean 
24.05000 
F Value Pr > F 
0.84 0.3660 
3.54 0.0681 
0.88 0.3533 
F Value Pr > F 
0.84 0.3660 
3.54 0.0681 
0.88 0.3533 
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Dependent Variable: JRI 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 3 16.1000000 5.3666667 2.03 0.1265 
Error 36 95.0000000 2.6388889 
Corrected Total 39 111.1000000 
R-Square Coeff Var Root MSE JRI Mean 
0.144914 87.80896 1. 624466 1.850000 
Source DF Type l SS Mean Square F Value Pr > F 
GENDER 1 0.40000000 0.40000000 0.15 0.6993 
MATHANX 1 12.10000000 12.10000000 4.59 0.0391 
GENDER*MATHANX 1 3.60000000 3.60000000 1. 36 0.2505 
Source DF Type III SS Mean Square F Value Pr > F 
GENDER 1 0.40000000 0.40000000 0.15 0.6993 
MATHANX 1 12.10000000 12.10000000 4.59 0.0391 
GENDER*MATHANX 1 3.60000000 3.60000000 1. 36 0.2505 
Dependent Variable: JRN 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Mode1 3 18.1000000 6.0333333 1. 47 0.2380 
Error 36 147.4000000 4.0944444 
Corrected Total 39 165.5000000 
R-Square Coeff Var Root MSE JRN Mean 
0.109366 115.6270 2.023473 1. 750000 
Source DF Type l SS Mean Square F Value Pr > F 
GENDER 1 3.60000000 3.60000000 0.88 0.3547 
MATHANX 1 6.40000000 6.40000000 1. 56 0.2193 
GENDER*MATHANX 1 8.10000000 8.10000000 1. 98 0.1681 
Source DF Type III SS Mean Square F Value Pr > F 
GENDER 1 3.60000000 3.60000000 0.88 0.3547 
MATHANX 1 6.40000000 6.40000000 1. 56 0.2193 
GENDER*MATHANX 1 8.10000000 8.10000000 1. 98 0.1681 
Dependent Variable: EP 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 3 60.2750000 20.0916667 1. 02 0.3936 
Error 36 706.5000000 19.6250000 
Corrected Total 39 766.7750000 
R-Square Coeff Var Root MSE EP Mean 
0.078608 45.78823 4.430011 9.675000 
Source DF Type l SS Mean Square F Value Pr > F 
GENDER 1 3.02500000 3.02500000 0.15 0.6969 
MATHANX 1 55.22500000 55.22500000 2.81 0.1021 
GENDER*MATHANX 1 2.02500000 2.02500000 0.10 0.7499 
Source DF Type III SS Mean Square F Value Pr > F 
GENDER 1 3.02500000 3.02500000 0.15 0.6969 
MATHANX 1 55.22500000 55.22500000 2.81 0.1021 
GENDER*MATHANX 1 2.02500000 2.02500000 0.10 0.7499 
Dependent Variable: INI 
Source 
Model 
Error 
Corrected Total 
Source 
GENOER 
MATHANX 
GENOER*MATHANX 
Source 
GENOER 
MATHANX 
GENOER*MATHANX 
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OF 
3 
36 
39 
Sum of 
Squares 
180.000000 
2196.400000 
2376.400000 
Mean Square 
60.000000 
61.01llll 
R-Square Coeff Var Root MSE 
0.075745 61.02313 7.810961 
OF Type l SS Mean Square 
1 144.4000000 144.4000000 
1 25.6000000 25.6000000 
1 10.0000000 10.0000000 
OF Type III SS Mean Square 
1 144.4000000 144.4000000 
1 25.6000000 25.6000000 
1 10.0000000 10.0000000 
F Value 
0.98 
Pr > F 
0.4ll4 
IMI Mean 
12.80000 
F Value Pr > F 
2.37 0.1327 
0.42 0.5212 
0.16 0.6880 
F Value Pr > F 
2.37 0.1327 
0.42 0.5212 
0.16 0.6880 
Characteristic Roots and Vectors of: E Inverse * Hf where 
H = Type III SSCP Matrix for GENOER 
E = Error SSCP Matrix 
Characteristic Characteristic Vector V'EV=l 
Root Percent PKI GO JRI JRN 
EP IMI 
0.35365788 100.00 -0.14099398 0.00314032 -0.07498204 0.02634309 
-0.01279219 0.02348761 
0.00000000 0.00 -0.08778379 -0.00659261 0.1l582ll5 0.00395578 
-0.00192093 0.00352699 
0.00000000 0.00 -0.01264419 -0.00563350 -0.03533618 0.02850515 
0.04207234 0.00404946 
0.00000000 0.00 0.01950462 0.01405768 0.02080456 -0.01l78151 
0.001l7249 -0.00876635 
0.00000000 0.00 0.137l5569 -0.00248189 -0.02632982 0.0149l044 
-0.001.48388 0.01109451 
0.00000000 0.00 -0.03086686 0.00251123 0.01049497 0.08986730 
0.00248318 -0.01856594 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of No Overall 
GENOER Effect 
Statistic 
Wilks' Lambda 
Pillai's Trace 
Hotelling-Lawley Trace 
Roy's Greatest Root 
H = Type III SSCP Matrix for GENOER 
E = Error SSCP Matrix 
S=l M=2 N=14.5 
Value F Value Num OF 
0.73873910 1. 83 6 
0.26126090 1. 83 6 
0.35365788 1. 83 6 
0.35365788 1. 83 6 
Den OF Pr > F 
31 0.1261 
31 0.1261 
31 0.1261 
31 0.1261 
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Characteristic Roots and Vectors of: E Inverse * H, where 
H = Type III SSCP Matrix for MATHANX 
Characteristic 
Root Percent 
0.31372595 100.00 
0.00000000 0.00 
0.00000000 0.00 
0.00000000 0.00 
0.00000000 0.00 
0.00000000 0.00 
E = Error SSCP Matrix 
Characteristic Vector V'EV=l 
PKI GO 
EP 
-0.07886700 
0.01332491 
0.17455283 
0.00211071 
0.03517378 
0.04176937 
-0.05452835 
-0.00057720 
-0.08129805 
-0.00448696 
-0.01953057 
0.00000000 
IMI 
0.00497051 
-0.01480846 
0.00078734 
-0.00234571 
-0.00758419 
0.00305498 
-0.00255009 
0.00380846 
-0.00207275 
0.02960585 
-0.01419507 
0.00000000 
JRI JRN 
0.07974223 0.04022589 
0.01263141 0.00637190 
-0.04485531 0.01151342 
-0.05905258 0.08927763 
-0.02001851 -0.01405808 
0.09541174 0.00000000 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of No Overall 
MATHANX Effect 
Statistic 
Wilks' Lambda 
Pillai's Trace 
Hotelling-Lawley Trace 
Roy's Greatest Root 
H = Type III SSCP Matrix for MATHANX 
E = Error SSCP Matrix 
S=l M=2 N=14.5 
Value F Value Num OF 
0.76119377 1. 62 6 
0.23880623 1. 62 6 
0.31372595 1. 62 6 
0.31372595 1. 62 6 
Den OF Pr > F 
31 0.1746 
31 0.1746 
31 0.1746 
31 0.1746 
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Characteristic Roots and Vectors of: E Inverse * H, where 
H = Type III SSCP Matrix for GENOER*MATHANX 
Characteristic 
Root Percent 
0.10024171 100.00 
0.00000000 0.00 
0.00000000 0.00 
0.00000000 0.00 
0.00000000 0.00 
0.00000000 0.00 
E = Error SSCP Matrix 
Characteristic Vector V'EV=l 
PKI GO 
EP 
-0.00240594 
0.00479969 
0.01980791 
0.04354851 
0.19315980 
'-0.00093461 
-0.04222660 
-0.00144924 
-0.02915685 
-0.00218463 
-0.08687918 
-0.00446082 
IMI 
0.00531297 
-0.01759798 
-0.00636040 
0.00057115 
-0.00159581 
0.00507491 
-0.01058380 
0.00786938 
0.00978631 
0.01186256 
-0.00401586 
0.02422230 
JRI JRN 
0.06464217 0.06327243 
-0.02657148 0.01885917 
-0.01889327 -0.01803143 
0.10749914 -0.02796031 
-0.00960081 -0.04214828 
-0.06805787 0.05212437 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of No Overall 
GENOER*MATHANX Effect 
H = Type III SSCP Matrix for GENOER*MATHANX 
E = Error SSCP Matrix 
Statistic 
wilks' Lambda 
Pi11ai's Trace 
Hotelling-Lawley Trace 
Roy's Greatest Root 
S=l M=2 N=14.5 
Value 
0.90889119 
0.09110881 
0.10024171 
0.10024171 
F Value 
0.52 
0.52 
0.52 
0.52 
Num OF 
6 
6 
6 
6 
Den OF 
31 
31 
31 
31 
Pr > F 
0.7902 
0.7902 
0.7902 
0.7902 
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AppendixM 
Repeated Measures (4 x 6) Means 
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REPEATED MEASURES ANALYSIS - MEANS 
Dependent Variable Means: 
Prob TEACH ACT STUD MARK 
Pl 3.050 1. 038 1.502 0.400 
P2 3.175 2.160 2.356 1. 938 
P3 3.925 3.606 3.016 3.337 
P4 3.425 2.268 1. 967 1.550 
P5 2.375 2.650 2.075 2.325 
P6 2.900 3.717 1. 869 3.075 
MALE Means SE Means SE Means SE Means SE 
Prob TEACH ACT STUD MARK 
Pl 3.100 0.288 1. 850 0.295 1. 630 0.254 0.600 0.259 
P2 3.350 0.280 2.220 0.245 2.650 0.239 2.125 0.541 
P3 3.900 0.283 3.697 0.322 3.220 0.320 2.250 0.487 
P4 3.400 0.315 2.275 0.364 2.309 0.241 2.350 0.450 
P5 2.450 0.287 2.800 0.206 2.275 0.225 2.350 0.412 
p6 2.950 0.331 3.345 0.370 2.263 0.261 2.600 0.546 
FEMALE 
Prob TEACH ACT STUD MARK 
Pl 3.000 0.288 2.025 0.295 1. 375 0.254 0.200 0.259 
P2 3.000 0.280 2.100 0.245 2.063 0.239 1. 750 0.541 
P3 3.950 0.283 3.515 0.322 2.813 0.320 2.425 0.487 
P4 3.450 0.315 2.260 0.364 1. 625 0.241 0.750 0.450 
P5 2.300 0.287 2.500 0.206 1. 875 0.225 2.300 0.412 
P6 2.850 0.331 4.090 0.370 1. 375 0.261 3.550 0.546 
------------------------------------------------------------------------------
MA:HI MEANS SE MEANS SE MEANS SE MEANS SE 
Prob TEACH ACT STUD MARK 
Pl 3.000 0.288 2.205 0.295 1. 437 0.254 0.550 0.259 
P2 3.150 0.280 2.520 0.245 2.313 0.239 2.625 0.541 
P3 4.000 0.283 4.100 0.322 3.188 0.320 2.675 0.487 
P4 3.350 0.315 2.225 0.364 1. 875 0.241 1.500 0.450 
P5 2.100 0.287 2.950 0.206 1. 875 0.225 2.650 0.412 
P6 2.850 0.331 3.925 0.370 1. 775 0.261 3.300 0.546 
MA:LO 
PROB TEACH ACT STUD MARK 
Pl 3.100 0.288 1. 670 0.295 1. 567 0.254 0.250 0.259 
P2 3.200 0.280 1. 800 0.245 2.400 0.239 1. 250 0.541 
P3 3.850 0.283 3.112 0.322 2.845 0.320 2.000 0.487 
P4 3.500 0.315 2.310 0.364 2.059 0.241 1. 600 0.450 
P5 2.650 0.287 2.350 0.206 2.275 0.225 2.000 0.412 
P6 2.950 0.331 3.510 0.370 1.862 0.261 2.850 0.546 
------------------------------------------------------------------------------
MALE/MA: HI 
PROB TEACH ACT STUD MARK 
Pl 3.000 0.407 2.430 0.417 1.500 0.359 1.100 0.366 
P2 3.400 0.395 2.590 0.346 2.625 0.338 2.750 0.765 
P3 3.700 0.400 4.350 0.455 3.625 0.453 2.500 0.689 
P4 3.000 0.445 2.450 0.515 2.625 0.341 2.700 0.636 
P5 1.900 0.405 3.100 0.292 2.000 0.318 2.700 0.583 
P6 2.800 0.468 3.680 0.523 2.250 0.369 3.000 0.772 
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MALE/MA:LO 
PROB TEACH ACT STUD MARK 
Pl 3.200 0.407 1. 270 0.417 1.760 0.359 0.100 0.366 
P2 3.300 0.395 1.850 0.346 2.675 0.338 1.500 0.765 
P3 4.100 0.400 3.045 0.455 2.815 0.453 2.000 0.689 
P4 3.800 0.445 2.100 0.515 1. 993 0.341 2.000 0.636 
P5 3.000 0.405 2.500 0.292 2.550 0.318 2.000 0.583 
P6 3.100 0.468 3.010 0.523 2.275 0.369 2.200 0.772 
------------------------------------------------------------------------------
FEMALE/MA:HI 
PROB TEACH ACT STUD MARK 
Pl 3.000 0.407 1.980 0.417 1. 375 0.359 0.000 0.366 
P2 2.900 0.395 2.450 0.346 2.000 0.338 2.500 0.765 
P3 4.300 0.400 3.850 0.455 2.750 0.453 2.850 0.689 
P4 3.700 0.445 2.000 0.515 1.125 0.341 0.300 0.636 
P5 2.300 0.405 2.800 0.292 1. 750 0.318 2.600 0.583 
P6 2.900 0.468 4.170 0.523 1. 300 0.369 3.600 0.772 
FEMALE/MA:LO 
PROB TEACH ACT STUD MARK 
Pl 3.000 0.407 2.070 0.417 1. 375 0.359 0.400 0.366 
P2 3.100 0.395 1. 750 0.346 2.125 0.338 1.000 0.765 
P3 3.600 0.400 3.180 0.455 2.875 0.453 2.000 0.689 
P4 3.200 0.445 2.520 0.515 2.125 0.341 1. 200 0.636 
P5 2.300 0.405 2.200 0.292 2.000 0.318 2.000 0.583 
P6 2.800 0.468 4. 010 0.523 1. 450 0.369 3.500 0.772 
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AppendixN 
Repeated Measures (4 x 6) Analysis 
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Multivariate (2x2) Repeated Measures (4x6) Analysis 
Effects coding used for categorical variables in model. 
Categorical values encountered during processing are: 
GENDER (21evels): 1,2 
APERC2$ (21evels): ID, LO 
Number of cases processed: 40 
Univariate and Multivariate Repeated Measures Analysis 
Between Subjects 
Source SS 
GENDER 9.675 
APERC2$ 11.164 
GENDER * APERC2$ 2.514 
Error 476.742 
Within Subjects 
Source SS 
PROBNO 213.389 
PROBNO*GENDER 12.548 
PROBNO* APERC2$ 12.986 
PROBNO* GENDER* 7.021 
APERC2$ 
Error 523.172 
Greenhouse-Geisser Epsilon: 0.7171 
Huynh-Feldt Epsilon: 0.8725 
DF MS F 
1 9.675 0.731 
1 11.164 0.843 
1 2.514 0.190 
36 13.243 
DF MS F 
5 42.678 14.68 
5 2.510 0.863 
5 2.597 0.894 
5 1.404 0.483 
180 2.907 
P 
0.398 
0.365 
0.666 
P G-G H-F 
0 0.000 0.000 
0.507 0.478 0.495 
0.487 0.461 0.476 
0.789 0.728 0.764 
Within Subjects 
Source SS DF 
MARKS 220.547 3 
MARKS * GENDER 11.188 3 
MARKS * APERC2$ 25.879 3 
MARKS * GENDER* 14.351 3 
APERC2$ 
Error 272.679 108 
Greenhouse-Geisser Epsilon: 0.7639 
Huynh-Feldt Epsilon: 0.8867 
Within Subjects 
Source 
PROBNO*MARKS 
PROBNO*MARKS*GENDER 
PROBNO*MARKS* APERC2$ 
PROBNO*MARKS*GENDER* 
APERC2$ 
Error 
Greenhouse-Geisser Epsilon: 0.4602 
Huynh-Feldt Epsilon: 0.6280 
SS 
176.220 
33.401 
11.009 
16.882 
716.463 
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MS F P H-G H-F 
73.52 29.12 0 0 0 
3.729 1.477 0.225 0.233 0.229 
8.626 3.417 0.020 0.032 0.025 
4.784 1.895 0.135 0.151 0.142 
2.525 
DF MS F P H-H H-F 
15 11.748 8.855 0 0.000 0 
15 2.227 1.678 0.051 0.116 0.089 
15 0.734 0.553 0.910 0.791 0.842 
15 1.125 0.848 0.623 0.547 0.577 
540 1.327 
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Appendix 0 
Chi Square Analysis by Mathematic Anxiety and Grade 9 Marks 
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Chi Square Analysis for Voluntary Math Courses and Math Anxiety/Gender/Grade 9 
Marks 
USE 'C:\MYFILES\STATSF-1\VOLMATH.SYS' 
Variables in 
CODE 
TEACHER 
SUBJECT$ 
APERCENT 
P3TEACH 
P6TEACH 
P2STUD 
the SYSTAT 
NAME$ 
CLASS$ 
STATE 
TPERCENT 
P3ACT 
P6ACT 
P3STUD 
GR9$ 
P4MARK 
Rectangular 
DOB$ 
file are: 
AGE2 
P3MARK 
GR6 
PERCENT 1 
P1TEACH 
P4TEACH 
BESTSUB$ 
P4STUD 
APERC2$ 
P5MARK 
PRINT NONE/ FREQ EXPECT CHISQ 
AGE 
GR7 
TRAIT 
P1ACT 
P4ACT 
WORSTSU$ 
P5STUD 
APERC2 
P6MARK 
TABULATE APERC2$ GENDER GRADE9$ * FUTURE$ 
Frequencies 
APERC2$ (rows) by FUTURE$ (columns) 
COND NO YES Total 
+-------------------+ 
HI 1 19 5 5 1 29 
LO 1 8 9 11 1 28 
+-------------------+ 
Total 27 14 16 57 
Expected values 
APERC2$ (rows) by FUTURE$ (columns) 
COND NO YES 
+-------------------------+ 
HI 1 13.737 7.123 8.140 1 
LO 113.263 6.877 7.860 1 
+-------------------------+ 
Test statistic 
Pearson Chi-square 
Value 
7.859 
GENDER 
GR8 
PERCENT2 
P2TEACH 
P5TEACH 
COMFORT 
P6STUD 
P1MARK 
DF 
2.000 
SCHOOL 
GR9 
MARS 
P2ACT 
P5ACT 
P1STUD 
FUTURE$ 
P2MARK 
Prob 
0.020 
Frequencies 
GENDER (rows) by FUTURE$ (colUmns) 
COND NO YES Total 
+-------------------+ 
l l3 7 11 31 
2 14 7 5 26 
+-------------------+ 
Total 27 14 16 57 
Expected values 
GENDER (rows) by FUTURE$ (columns) 
COND NO YES 
+-------------------------+ 
1 1 14.684 7.614 8.702 
2 1 12.316 6.386 7.298 
+-------------------------+ 
Test statistic 
Pearson Chi-square 
Frequencies 
GRADE9$ (rows) by FUTURE$ (columns) 
COND NO YES Total 
+-------------------+ 
F 4 4 2 10 
HI 4 0 7 11 
LO 19 10 7 36 
+-------------------+ 
Total 27 14 16 57 
Expected values 
GRADE9$ (rows) by FUTURE$ (columns) 
COND NO YES 
+-------------------------+ 
F 4.737 2.456 2.807 
HI 5.211 2.702 3.088 
LO 17.053 8.842 10.105 
+-------------------------+ 
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Value 
1. 863 
DF 
2.000 
Prob 
0.394 
WARNING: More than one-fifth of fitted cells are sparse (frequency < 5) . 
Significance tests computed on this table are suspect. 
Test statistic 
Pearson Chi-square 
Value 
10.585 
OF 
4.000 
Prob 
0.032 
